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PREFACE 


Automatic  Weather  Observing  Systems  (AWOS)  can  be  used  to  replace 
present  observations,  with  a  resulting  cost  reduction,  and  to  provide 
weather  data  for  locations  having  no  observations  at  the  present  time. 
The  work  presented  in  this  report  will  assist  in  the  development  of 
specifications  for  the  purchase  of  AWOS  systems  by  the  government  and  in 
the  certification  of  commercially  available  AWOS  systems. 

The  study  reported  here  represents  the  efforts  of  many 
organizations: 

The  work  was  sponsored  by  the  Federal  Aviation  Administration  (FAA) 
Systems  Research  and  Development  Service  (SRDS).  Dave  Floyd  managed  the 
Areata  tests  with  assistance  from  Jack  Dorman.  Ray  Colao  was  the 
program  manager  for  the  Otis  tests.  Valuable  oversight  of  the  project 
was  supplied  by  A1  Thomas,  Ray  Johnson  and  Frank  Coons.  The  pass/fail 
criteria  for  the  tests  were  adopted  from  the  Automatic  Weather 
Observation  Systems  (AWOS)  achievable  sensor  accuracy  specifications 
prepared  by  the  FAA  Airways  Facilities  Service.  In  FY83  these  two 
organizations  were  merged  to  form  the  Program  Engineering  and 
Maintenance  Service  and  the  responsibility  for  reviewing  this  report 
passed  to  Leo  Gumina,  manager  of  the  Weather  Sensors  Program. 

The  National  Weather  Service  (NWS)  Test  and  Evaluation  Division 
provided  the  ceilometer  evaluation  for  the  tests.  Jim  Bradley,  Steve 
Imbembo,  and  Richard  Lewis  carried  out  the  work. 

The  Air  Force  Geophysics  Laboratory  (AFGL)  made  their  Weather  Test 
Facility  (WTF)  at  Otis  Air  National  Guard  Base  (ANGB)  available  for  the 
visibility  sensor  and  AWOS  processor  field  tests.  The  cooperation  and 
advice  of  AFGL  personnel,  Gene  Moroz,  Leo  Jacobs,  and  Ralph  Hoar,  were 
valuable.  Clyde  Lawrence  provider’  the  intensive  maintenance  for  the 
standard  visiblity  sensor  and  assisted  in  data  collection  and  equipment 
repair. 


ill 


A  number  of  Transportation  Systems  Center  (TSC)  personnel  made 
major  contributions  to  the  project.  Ed  Spitzer  provided  oversight  and 
advice  and  helped  design  and  implement  the  data  acquisition  equipment. 
Andy  Caporale  carried  out  the  installation  of  the  sensors  and  data 
collection  facilities.  Bruce  Ressler  designed  the  signal  conversion  and 
interface  electronics  for  the  tests.  The  electronics  were  built  by  Bill 
Murphy  and  Irving  Golini.  Paul  Alciere  developed  the  new  data  display 
options  for  the  evaluation.  Marie  Carle ton  put  the  report  on  a  word 
processor.  The  TSC  in-house  data  service  contractor,  SDC,  along  with 
subcontractors,  programmed  the  AWOS  data  recording  system  (Steve  Kovner 
and  John  Winkler)  and  assisted  in  the  analysis  of  the  AWOS  ceilometer 
(Richard  Daesen)  and  AWOS  visibility  (Bob  Crosby)  data. 

The  equipment  manufacturers  played  an  important  role  in  supplying, 
installing  and  repairing  the  equipment  under  test.  Tasker  loaned  the 
RW-700  system  and  a  stripchart  recorder  for  the  tests.  Impulsphysics 
allowed  the  LD-WHL  ceilometer  to  be  used  beyond  the  end  of  its  rental 
period.  In  lieu  of  upgrading  the  FAA’s  Weathereheck  AWOS  system  for 
the  tests,  Artais  supplied  the  same  system  tested  at  Areata. 

The  Areata,  CA  test  site  was  managed  by  Humbolt  County.  Jim 
Wilkerson  was  the  test  site  operator. 
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1.  SUMMARY 


Automatic  Weather  Observing  Systems  (AWOS)  require  visibility  and 
ceiling  information  to  meet  the  needs  of  aviation.  This  report 
describes  a  methodology  which  was  developed  to  evaluate  visibility 
sensors  and  ceilometers  for  use  with  AWOS  systems.  The  methodology  was 
applied  to  two  visibility  sensors,  one  transmissometer:  the  Tasker  RW- 
700  and  one  forward-scatter  meter  (FSM):  the  Wright  A  Wright  FOG-15; 
and  to  one  ceilometer,  the  Impulsphysics  LD-WHL.  In  addition  to 
evaluating  sensor  performance,  the  interface  of  the  sensors  to  a 
commercially  available  AWOS,  the  Artais  Weathercheck  w  was  examined. 
Pass/fail  criteria  for  the  tests  were  based  on  the  "Achievable  AWOS 
Sensor  Accuracies"  recently  developed  by  the  FAA  Airways  Facilities 
Service. 

The  selection  of  sensors  to  be  tested  was  based  on  prior  field 
testing  in  1981  at  Areata,  CA.  Those  tests  also  identified  needed 
sensor  modifications  which  have  been  implemented.  Two  test  sites  were 
employed  for  the  current  field  tests  which  began  in  early  1982.  The 
ceilometer  was  tested  at  the  National  Weather  Service  (NWS)  Test  and 
Evaluation  Division  site  in  Sterling,  VA.  The  visibility  sensor  and 
AWOS  interface  tests  were  conducted  at  the  Air  Force  Geophysic 
Laboratory  (AFGL)  Weather  Test  Facility  (WTF)  at  Otis  Air  National  Guard 
Base  (ANGB) . 

The  field  tests  used  the  current  operational  sensors  for  visibility 
(Tasker  RVR-500  transmissometer  on  a  1000-foot  baseline)  and  ceiling 
(Rotating  Beam  Ceilometer,  RBC)  as  standards  of  comparison.  Both  sensor 
accuracy  and  operational  problems  were  examined  in  the  evaluation. 
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2.  CONCLUSIONS  AND  RECOfWENDATIONS 

2.1  TASKER  RW-700  TRANSMISSOMETER 

Table  2-1  summarizes  the  progress  toward  successful  testing  and 
deployment  of  the  RW-700  transmissometer,  manufactured  by  the  Tasker 
Systems  Division  of  the  Whittaker  Corporation.  It  should  be  noted  that 
the  Otis  evaluation  period  lasted  only  two  months,  one  of  which  was 
plagued  with  problems.  Detailed  conclusions  are  contained  in  the 
following  Sections. 


2.1.1  Performance 

The  RW-700  meets  the  AWOS  pass/fail  criteria  for  these  tests  when 
data  points  from  rapidly  varying  events  are  excluded.  The  100-foot 
separation  between  the  RW-700  and  the  standard  RVR-500  baselines  was 
large  enough  to  allow  significant  differences  in  visibility  when  the  fog 
was  patchy. 

The  following  changes  are  needed  to  assure  satisfactory  sensor 
performance: 

1)  An  effective  baseline  9  percent  smaller  than  actual  should  be 
used  in  the  visibility  calculations. 

2)  The  background  errors  should  be  reduced. 

3)  A  more  intensive  maintenance  schedule  should  be  adopted  (see 
next  section). 

4)  Tower  vibration  should  be  damped. 

The  RW-700  1000-foot  baseline  measurements  correlated  well  with 
those  of  the  parallel  1000-foot  RVR-500  baseline,  but  indicated  a 
visibility  biased  approximately  9  percent  higher  than  the  RVR-500.  A 
similar  difference  was  also  observed  during  the  Areata  tests.  The 
physical  or  instrumental  effect  producing  this  difference  could  not  be 


TABLE  2-1.  RW-700  PROGRESS 


ARCATA  PROBLEMS 

RW-700  READ  HIGHER  VISIBILITY  THAN 
GREATER  HEIGHT 

ARCATA  RECOUffiNDAT IONS 

INSTALL  AT  SAME  HEIGHT  AS 
REFERENCE 

USE  BACKGROUND  CHECKS 

RAISE  ELEVATION  TO  8  FEET 

OSE  1 OOO-FOOT  BASELINE 

REDUCE  BACKGROUND  LEVEL 

LONGER  PROJECTOR  HOOD 

LET  WINDOWS  REACH  EQUILIBRIUM 
CONTAMINATION  LEVEL 


RVR  500  WHICH  WAS  LOCATED  AT  MUCH 


IMPLEMENTED 

AT  OTIS? 

SUCCESSFUL 
AT  OTIS? 

PARTIALLY 

NO 

YES 

YES 

YES 

PARTIALLY 

YES 

YES 

NO 

NO 

YES 

YES 

YES 

YES 

ADDITIONAL  OTIS  PROBLEMS 

FOUNDATIONS  UNSTABLE  FOR  MONTH  AFTER  INSTALLATION 


WATER  LEAK  AFFECTED  ELECTRONICS 


identified.  Although  this  difference  oan  be  readily  corrected  for 
operational  use,  it  would  be  desirable  to  identify  its  source  in  order 
to  assure  that  it  remains  fixed  under  all  conditions.  If  possible,  the 
RW-700  should  be  compared  with  the  FAA  laser  calibrator  at  its  next 
installation  site. 

Because  the  background  light  level  of  the  RW-700  was  high  (4 
percent),  measuring  the  background  only  once  per  hour  can  introduce 
significant  errors  when  the  background  level  is  rapidly  changing. 
Reducing  the  period  between  background  checks  to  15  minutes  and 
increasing  the  lamp  current  would  eliminate  this  error.  The  optimum 
trade-off  between  accuracy  and  lamp  life  has  yet  to  be  determined. 

The  RW-700  towers  were  observed  to  vibrate  during  windy 
conditions.  Although  no  measurement  errors  were  attributed  to  the 
vibrations,  the  performance  of  the  sensor  would  be  more  certain  if  the 
amplitude  of  the  vibrations  could  be  reduced. 

2.1.2  Maintenance 

The  RW-700  experienced  two  instrumental  failures  during  the  tests: 

1 )  The  first  pulse  amplifier  card  showed  a  large  diurnal 
variation  and  had  to  be  replaced. 

2)  The  background  level  of  the  receiver  became  erratic  because  of 
moisture  which  had  leaked  into  the  pulse  amplifier  housing 
through  a  faulty  seal. 

These  failures  represent  quality  control  problems  which  should  be 
corrected  at  the  factory.  The  lightning  protection  circuits  of  the 
instrument  were  successful  in  maintaining  system  operation  when  most  of 
the  other  equipment  at  the  test  site  had  been  disabled  by  lightning 
surges. 


The  receiver  alignment  was  unstable  during  the  first  month  of 
operation.  The  problem  appeared  to  be  due  to  shifts  in  the  receiver 
foundation  rather  than  any  problem  with  the  8-foot  mounting  posts. 
Heavy  rains  caused  the  foundation  to  settle.  The  alignment  required 
only  small  adjustments  during  the  second  month. 

A  30-day  calibration  schedule  is  marginal  for  maintaining 
acceptable  accuracy,  at  least  during  the  initial  operation  of  the 
instrument.  The  windows  were  cleaned  at  the  beginning  of  the  test 
period  and  then  allowed  to  develop  an  "equilibrium"  level  of 
contamination.  The  loss  in  the  100-percent  calibration  was  6  percent  in 
the  first  month  but  virtually  nothing  in  the  second.  However,  the  most 
severe  window  contamination  conditions  at  the  site  did  not  occur  during 
the  test  period. 

The  calibration  and  maintenance  schedule  for  the  RW-700  should  be 
at  least  weekly  for  the  first  three  months  at  a  new  site.  A  longer 
maintenance  interval  could  then  be  Introduced  at  a  particular  site  if  no 
significant  changes  are  noted  from  week-to-week.  More  frequent 
maintenance  should  be  resumed  for  any  season  of  the  year  where  increased 
window  contamination  or  foundation  instability  (e.g. ,  frost  heaves) 
could  be  expected. 

2.1.3  Interface  to  Artais  AWOS 

The  transfer  of  data  from  the  RW-700  computer  to  the  Artais 
processor  was  verified.  Although  the  RW-700  computer  is  not  strictly 
compatible  with  the  National  Weather  Service  (NWS)  visibility  reporting 
algorithm,  an  examination  of  actual  data  showed  that  this 
lncompatability  does  not  result  in  any  significant  reporting  errors. 
Thus,  one  can  conolude  that  the  RW-700  interface  to  the  Artais  AWOS  is 
satisfactory. 
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Some  software  anomalies  were  noted  in  the  RW-700  visibilty 
reports.  However,  the  HUS  has  validated  the  current  Artais  software  in 
July  1982  factory  tests.  AWOS  systems  should  provide  an  indication  of 
which  software  version  is  installed. 

2.2  WRIGHT  &  WRIGHT  FOG- 15  FORWARD-SCATTER  METER 

Table  2-2  summarizes  the  progress  toward  achieving  satisfactory 
performance  from  the  FOG- 15  forward-scatter  meter  which  is  manufactured 
by  Wright  &  Wright.  The  modifications  which  were  tested  at  Otis  solved 
some  problems  but  introduced  others. 

2.2.1  Performance 

The  FOG-15  sensor  underwent  substantial  modifications  during  the 
beginning  of  the  test  period.  The  final  version  showed  some  improvement 
over  the  EG&G  207  forward-scatter  meter  on  which  it  was  based.  However, 
the  extinction  coefficient  response  was  not  as  linear  as  the  EG&G  207  or 
the  earlier  versions  of  the  FOG-15.  The  noise  level  and  zero 
instability  were  significantly  less,  however. 

A  non-linear  response  correction  was  found  to  be  needed  for  the 
spring  1982  version  of  the  FOG-15.  The  intrinsic  measurement  accuracy 
of  the  FOG-15  is  then  sufficient  to  meet  the  test  pass/fail  criteria  for 
single  events,  but  not  for  a  week  of  measurements.  Under  conditions  of 
rapidly  varying  visibility  the  FOG-15' s  point  measurement  does  not  agree 
well  enough  with  the  line  average  of  the  standard  transmissometer  to 
pass  the  accuraoy  test.  The  analysis  of  data  from  two  EG&G  207  FSM's 
showed  that  averaging  two  separated  FSM's  did  not  give  much  better 
agreement  with  the  reference  transmissometer  when  the  visibility  was 
changing  very  rapidly.  The  FOG-15  calibration  remained  stable  over  many 
months.  However,  a  change  of  calibration  was  noted  during  one  daytime 
event. 


TABLE  2-2.  FOG-15  PROGRESS 

ARCATA  PROBLEMS 

VARIABLE  RESPONSE  CAUSED  BY  LINE  VOLTAGE  DEPENDENCE— ELIMINATED  AT 
OTIS 

UNSTABLE  ZERO  LEVEL— IMPROVED  BUT  STILL  EXISTING  AT  OTIS 

OTIS  PROBLEMS 

1)  NONLINEAR  RESPONSE 

2)  TEMPERATURE  AND  LIGHT  DEPEND ANCE  OF  RESPONSE 

3)  BOTH  CAUSED  BY  "SOFT"  CLIPPING  CIRCUIT 


At  the  very  end  of  the  test  period  it  was  discovered  that  the 
response  of  the  FOG- 15  decreased  at  high  temperatures.  The  problem  was 
traced  to  leakage  in  the  diodes  used  in  the  current  version  for  "soft" 
clipping  of  the  input  signals  to  prevent  false  signals  on  sunny  days. 
Sinee  this  part  of  the  FOG- 15  circuitry  is  also  responsible  for  the 
observed  nonlinear  response  and  the  change  in  response  due  to  sunlight, 
additional  testing  must  be  done  after  the  problem  is  corrected  to 
validate  the  performance  of  the  FOG-15. 

2.2.2  Maintenance 

One  failure  was  experienced  during  the  test  period.  Two  units  were 
operated,  one  for  three  months  and  one  for  two.  The  zero  setting 
potentiometer  of  one  unit  developed  a  poor  wiper  contact.  It  is 
recommended  that  the  manufacturer  install  a  higher  reliability  component 
in  future  units. 

The  FOG-15  suffered  from  the  lack  of  an  absolute  calibration  method 
throughout  most  of  the  test  period.  Each  unit  had  its  own  calibration 
level  which  could  be  used  to  detect  changes  in  calibration,  but  not  to 
set  the  proper  relationship  between  the  sensor  response  and  the 
atmospheric  extinction  coefficient.  The  manufacturer  established  an 
absolute  calibration  standard  during  July  1982,  which  will  be  used  for 
future  installations. 

The  FOG- 15  suffered  one  outage  due  to  lightning  surges.  The 
standard  voltage  output  has  lightning  protection  and  was  not  damaged. 
The  modulated  output  used  for  the  Artais  AWOS  interface  was  not 
protected  and  was  damaged  during  one  storm.  Lightning  protection  should 
be  added  to  that  output  also. 

2.2.3  Interface  to  Artais  AWOS 

The  FOG-15  interface  showed  indications  of  unstable  gain  and  a 
saturation  at  high  signal  levels.  A  thorough  factory  evaluation  should 
be  carried  out. 


2.3  XMPULSPHYSICS  LD-WHL  LASER  CEILOMETER 


Table  2-3  summarizes  the  progress  of  the  LD-WHL  Ildar  ceilometer, 
manufactured  by  Impulsphysics ,  toward  meeting  the  aviation  needs  for 
cloud  height  measurements. 

2.3.1  Performance 

The  LD-WHL  ceilometer  performed  satisfactorily  up  to  its  maximum 
range  of  5000  feet.  The  LD-WHL  was  as  sensitive  to  clouds  as  the 
rotating  beam  ceilometer.  Its  accuracy  and  resolution  were 
satisfactory.  Its  performance  was  found  to  be  satisfactory  for  AWOS 
use.  Three  faults  were  observed.  They  were  not,  however,  considered  to 
be  severe  enough  to  make  the  sensor  unusable.  As  the  ceilometer  state 
of  the  art  advances,  these  problems  are  expected  to  be  resolved. 

One  fault  observed  in  the  sensor  was  excessive  cloud  detection 
sensitivity  at  low  altitudes  (200-400  feet).  This  sensitivity  results 
in  reports  of  nonexistent  low  cloud  layers  during  fog  and  precipitation, 
which  oould  lead  pilots  to  avoid  an  airport  at  which  they  could  safely 
land.  Discussions  with  the  manufacturer  suggest  that  the  sensitivity 
could  be  reduced  if  the  amount  of  reduction  could  be  specified.  A 
possible  method  for  defining  the  needed  reduction  is  outlined  in  Section 
2.4.2.  This  reduction  would  eliminate  the  false  layer  reports.  When 
this  modification  is  defined  and  implemented  all  LD-WHL  units  previously 
installed  should  be  upgraded. 

The  LD-WHL  performance  fails  on  sunny  days  when  the  sun  angle  is 
high.  It  is  recommended  that  the  sensor  windows  be  shaded  from  direct 
sun  exposure  at  high  sun  angles.  This  problem  becomes  severe  at  low 
latitude  sites. 

The  LD-WHL  is  equipped  with  self-check  features  which  monitor  all 
functions  except  window  clarity.  The  only  window  problem  observed 


TABLE  2-3.  LD-WHL  PROGRESS 

ARCATA  PROBLEMS 

1)  EFFECTIVE  RANGE  OF  ONLY  2000  FEET  INSTEAD  OF  THE 
NOMINAL  5000  FEET— CAUSED  BY  WEDGED  WINDOWS 

2)  DIRECT  MODE  DISABLED 

3)  60  SECONDS  BETWEEN  MEASUREMENTS  INSTEAD  OF  NOMINAL 
15  SECONDS 

4)  FALSE  LOW-LEVEL  LAYERS 

STERLING  PROBLEMS 

5)  WATER  DROPLETS  ON  WINDOW 


during  the  test  occurred  in  a  light  drizzle  when  water  beads  formed  on 
the  windows  and  destroyed  the  sensitivity  to  clouds.  Although  this 
problem  is  likely  to  be  rare,  it  would  be  desirable  to  devise  a  solution 
for  it. 

2.3*2  Maintenance 

Although  the  LD-WHL  was  equipped  with  lightning  protection 
circuitry,  its  output  drive  was  destroyed  twice  by  lightning  surges. 
The  problem  may  have  been  due  to  inadequate  grounding  of  the  unit. 

2.3*3  Interface  to  Artais  AWOS 

The  Artais  interface  performed  properly.  The  AWOS  processor  tested 
in  the  field  did  not  incorporate  a  necessary  software  correction 
identified  at  the  beginning  of  the  project.  However,  factory  tests 
under  NWS  supervision  verified  proper  functioning  of  the  NWS  cloud  layer 
algorithm  in  the  current  Artais  software . 

2.4  SYSTEM  SPECIFICATIONS 

2.4.1  Visibility  Sensor  Acceptance  Criteria 

The  FAA  and  NWS  have  not  defined  a  set  of  visibility  sensor 
acceptance  criteria  which  can  be  met  by  commercially  available  sensors. 
Appendix  A  describes  two  approaches  for  defining  visibility  accuracy 
specifications.  Sufficient  information  on  sensor  performance  is  now 
available  from  the  Areata,  Otis,  and  Sterling  sites  to  begin  defining 
and  negotiating  acceptance  criteria  which  are  both  feasible  and 
operationally  acceptable.  The  acceptance  criteria  definition  should 
include  a  oost-benefit  analysis  in  order  to  take  advantage  of  current 
sensor  technology. 

Beicause  no  standardized  acceptance  criteria  have  been  established 
for  visibility  sensors,  pass/ fail  criteria  had  to  be  adopted 
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specifically  for  these  tests.  The  pass/fail  criteria  adopted  proved  to 
be  inconvenient  to  apply  to  massive  amounts  of  data  because  the  criteria 
are  very  sensitive  to  unusual  events  and  to  occasional  errors  in  the 

recording  and  processing  of  the  data.  Criteria  which  depend  upon  the 
bulk  of  the  measurements  rather  than  outlying  data  points  would  be  more 
practical.  Future  criteria  definitions  should  consider  this 
sensitivity. 

2.4.2  Improved  Ceilometer  Acceptance  Testing 

The  current  methodology  used  by  the  FAA  and  NWS  for  acceptance 

testing  of  ceilometers  is  difficult  and  time  consuming.  An  improved 
testing  methodology  is  required  for  timely  procurement  of  ceilometers. 
The  use  of  attenuated  beam  measurements  on  real  clouds  appears  to 

provide  a  practical  pass/fail  test  of  cloud  detection  sensitivity  for 
laser  ceilometers.  This  method  was  successfully  tested  at  Sterling  by 
the  FAA  and  the  NWS.  The  results  of  the  test  indicate  that  some 

additional  testing  is  needed  to  establish  this  method. 

A  realistic  selection  of  the  range  response  of  a  laser  ceilometer 
may  be  possible  using  the  scattered  signal  from  a  large  solid  target.  A 
manufacturer  could  measure  the  signal  response  as  a  function  of  range 
and  adjust  the  cloud  hit  threshold  to  give  equal  cloud  hit  sensitivity 
at  all  ranges  under  clear  weather.  The  maximum-range  cloud  response 
would  then  be  set  to  pass  the  attenuated-beam  test.  This  approach 
should  be  tested. 

2.4.3  Reporting  Algorithm  Issues 

The  AWOS  visibility  reporting  algorithm  has  not  reached  the  point 
of  general  agreement.  The  first  issue  is  the  visibility  values  to  be 
reported.  For  example,  the  AWOS  "achieveable  accuracy"  standard  in 
Appendix  A  includes  a  value  (3-1/2  miles)  never  used  previously.  A 
second  issue  is  the  averaging  time,  currently  set  at  10  minutes.  The 
aviation  requirments  for  averaging  time  (as  well  as  comments  such  as 
"variable,"  "increasing,"  and  "decreasing")  have  not  been  defined. 


The  NWS  is  presently  rethinking  the  details  of  the  cloud  layer 
algoritha  which  were  included  to  deal  with  the  problems  of  rotating-beam 
ceilometers.  Algorithm  modifications  appropriate  to  lacer  ceilometers 
will  be  developed. 

Because  of  possible  future  changes  in  the  current  algorithms,  AWOS 
systems  should  be  configured  to  allow  algorithm  updating. 

2.5  SYSTEM  INSTALLATION 

The  Otis  AWOS  installation  had  several  operational  problems. 
Although  many  of  the  problems  were  due  to  the  "one  of  a  kind"  nature  of 
the  installation,  some  of  the  difficulties  could  Just  as  easily  arise  in 
an  operational  system.  Many  of  the  problems  can  be  traced  to  two 
sources: 

1)  A  tight  implementation  schedule,  and 

2)  Lack  of  understandings  among  participants. 

The  test  schedule  forced  all  those  involved  in  the  installation  to 
minimize  desirable  preinstallation  checkouts.  The  installation  plan  for 
an  operational  AWOS  should  include  the  scheduling  of  adequate  checkout 
periods  both  before  and  after  the  actual  installation.  The  Otis 
installation  suffered  from  a  number  of  misunderstandings  among  the 
sensor  manufacturers,  the  processor  manufacturer,  and  the  site 
operators.  It  would  be  highly  desirable  to  install  an  AWOS  as  a  turn¬ 
key  system  with  the  processor  manufacturer  directly  responsible  for  all 
the  details  of  the  installation,  Including  sensor  installation  and 
associated  interfaces.  The  responsible  agent  should  specify, 
coordinate,  and  check  all  phases  of  the  installation. 

2.5.1  Transmissometer  Foundations 

The  settling  of  the  RW-700  foundations  could  have  been  prevented 
or  mitigated  by  more  careful  backfilling  or  by  a  different  foundation 


design.  Nevertheless,  the  alignment  sensitivity  of  a  long-baseline 
transmissometer ,  such  as  the  RW-700,  will  necessitate  careful 
monitoring  at  any  site  where  the  ground  is  at  all  unstable. 

2.5*2  Lightning  Protection 

Inadequate  lightning  protection  in  the  Otis  installation  was 
perhaps  the  best  example  of  the  coordination  problems  mentioned  above. 
An  abnormally  stormy  month  of  June  resulted  in  numerous  sensor  and 
interface  failures  and  pointed  out  the  importance  of  properly  protecting 
against  lightning  surges. 


3.  BACKGROUND 


Automatic  Weather  Observing  Systems  (AWOS)  require  visibility  and 
ceiling  sensors  in  order  to  meet  the  needs  of  the  aviation  community. 
The  current  standard  airport  sensors  ( transmissometers  and  rotating  beam 
ceilometers)  are  too  expensive  in  both  initial  cost  and  required 
maintenance  to  be  used  in  low  cost  AWOS  systems  designed  to  meet  the 
weather  needs  of  small  airports.  Less  expensive  sensors,  some  based  on 
different  operating  principles,  have  recently  become  available  to  make 
these  measurements.  The  AWOS  sensor  project  reported  here  was  designed 
to  aid  certification  of  these  new  sensors  by 

1)  developing  recommended  testing  criteria  for  AWOS  visibility 
and  ceiling  sensors,  and 

2)  using  the  methods  developed  to  establish  the  performance  of 
coonercially  available  visibility  and  ceiling  sensors. 

In  order  to  provide  timely  information  to  those  specifying  AWOS  Systems, 
this  project  was  designed  to  be  finished  in  August  1982. 

Figure  3-1  shows  a  generalized  block  diagram  of  an  AWOS  system. 
Each  sensor  measures  a  desired  property  of  the  atmosphere.  It  sends  its 
measurement  via  an  interface  to  the  AWOS  processor.  The  AWOS  processor 
generates  a  weather  report  by  means  of  processing  algorithms  which 
analyze  the  raw  sensor  measurements  and  convert  them  into  the 
appropriate  report.  The  weather  reports  are  then  disseminated  by  means 
of  voice  and/or  data  links. 

3.1  ARCATA  TESTS 

The  FAA  visibility  test  site  in  Areata  CA  has  been  used  for  many 
studies  of  visibility  sensors  in  the  last  four  decades.  Its  climate  is 
characterized  by  coastal  fog  in  the  summer  and  fall,  and  rain  in  the 
winter. 


The  Areata  site  was  reactivated  for  the  period  between  August  1980 
and  December  1981  for  testing  visibility  sensors  and  ceilometers,  and 
for  demonstrating  their  operation  with  a  commercially  available 
Automatic  Weather  Observing  System  (AWOS).  The  FAA  supervised  the  site 
activities  while  the  DOT  Transportation  Systems  Center  (TSC)  was 
responsible  for  data  recording  and  analysis.  Most  of  the  analysis 
methods  used  in  this  report  were  developed  in  support  of  the  Areata 
Tests. 

Table  3-1  lists  the  weather  sensors  and  their  periods  of  operation 
at  the  Areata  site.  A  variety  of  sensors  became  available  during  the 
course  of  the  tests.  Some  of  them  were  modified  in  response  to  observed 
problems.  Simultaneous  testing  was  carried  out  on  several  of  the 
forward-scatter  meters  (FSM)  at  the  Air  Force  Geophysics  Laboratory 
(AFGL)  Weather  Test  Facility  (WTF)  at  the  Otis  Air  National  Guard  Base 
(ANGB).  The  outputs  from  the  various  sensors  were  recorded  on  magnetic 
tape  and  strlpaharts.  The  sensor  evaluation  made  use  of  comparisons 
between  sensors;  recorded  human  observations  were  used  to  identify  the 
weather  conditions. 

(jD 

A  number  of  configurations  of  the  Artais  Weathercheck  AWOS  system 
were  operated  at  Areata  during  the  spring  of  1981.  The  purpose  of  the 
test  was  to  validate  the  Artais  system  for  reporting  visibility  and 
ceiling  from  a  number  of  sensors,  in  particular  the  Tasker  RW-700 
transmissometer  and  the  Impulsphysics  LD-WHL  ceilometer.  It  was 
intended  to  record  the  sensor  input  data  along  with  the  AWOS  output  in 
order  to  verify  proper  operation  of  the  AWOS  processor.  Because  of 
signal  incompatibility,  simultaneous  recording  was  unsuccessful. 

On  the  basis  of  their  performance  at  Areata  the  most  cost-effective 
sensors  of  three  types  were  selected  as  candidates  for  certification  for 
use  with  the  Artais  AWOS  processor: 

1.  Transmissometer:  Tasker  RW-700 

2.  Forward-Scatter  Meter:  Wright  &  Wright  FOG- 15 

3.  Ceilometer:  Impulsphysics  LD-WHL 


Bach  of  the  sensors  showed  some  problems  which  needed  resolution  before 
certification  could  be  recommended.  The  problems  encountered  with  the 
RW-700  were  relatively  minor  while  those  of  the  FOG- 15  and  LD-WHL  were 
serious.  These  three  sensors  and  their  Areata  performance  will  be 
discussed  in  turn. 


TABLE  3-1 .  ARCATA  SENSOR  TEST  PERIODS 


VISIBILITY  SENSORS 

BASELINE* (feet) 

(1) 

RVR-500 

720 

Aug. 

1980 

Dec. 

1981 

(2) 

NBS  Transmissometer 

250 

Aug. 

1980 

- 

Feb. 

1981 

(3) 

FS-3  (version  1) 

FSM 

Aug. 

1980 

- 

Nov. 

1980 

(4) 

EG&G  207 

FSM 

Aug. 

1980 

- 

Sep. 

1981 

(5) 

Touch  Down  RVR 

250 

Sep. 

1980 

- 

June 

1981 

(6) 

Roll  Out  RVR 

250 

Sep. 

1980 

•m 

June 

1981' 

(7) 

RW-700 

720 

Mar. 

1981 

- 

July 

1981 

(8) 

FS-3  (version  2) 

FSM 

Mar. 

1981 

- 

Apr. 

1981 

(9) 

Skopograph  (dual-baseline) 

1200 

Mar. 

1981 

- 

June 

1981 

(10) 

Skopograph  (dual-baseline) 

164 

Mar. 

1981 

- 

Aug. 

1981 

(tl) 

FS-3  (version  3) 

FSM 

May 

1981 

June 

1981 

(12) 

Wright  &  Wright  FOG-15 

FSM 

June 

1981 

«■ 

Dec. 

1981 

(13) 

RVR-500  (dual-baseline) 

250 

June 

1981 

- 

Dec. 

1981 

(14) 

RVR-500  (dual-baseline) 

40 

July  1981 

- 

Dec. 

1981 

(15) 

FS-3  (version  4) 

FSM 

July  1981 

- 

Aug. 

1981 

(16) 

Skopograph 

720 

July 

1981 

- 

Aug. 

1981 

(17) 

Skopograph  (modified) 

164,720 

Aug. 

1981 

- 

Dec. 

1981 

(18) 

FS-3  (version  5) 

FSM 

Sep. 

1981 

•m 

Dec. 

1981 

CEILOMETERS 

(19) 

Impulsphyslcs  LD-WHL 

Jan. 

1981 

Apr. 

1981 

(20) 

Rotating  Beam 

Mar. 

1981 

- 

Dec. 

1981 

(21) 

Weathertronios 

June 

1981 

- 

Deo. 

1981 

*Por  transmissometers. 

3.1.1  Tasker  RW-700  Transmissometer 

A  transmissometer  operates  by  projecting  a  narrow  beam  of  light 
horizontally  through  the  atmosphere.  The  light  intensity  is  detected  by 
a  receiver  located  a  distance  b  (the  baseline)  away.  When  the 
visibility  is  reduced,  the  amount  of  light  reaching  the  receiver 
decreases.  The  receiver  field  of  view  is  very  narrow  1)  in  order  to 


avoid  detecting  any  light  which  has  been  scattered  out  of  the  projector 
beam,  and  2)  to  minimize  the  detection  of  background  sunlight.  A 
transmissometer  with  a  given  baseline  can  only  measure  over  a  certain 
range  of  visibilities.  If  the  visibility  is  too  high,  the  loss  of  light 
from  the  beam  is  too  small  to  be  measured.  Conversely,  if  the 
visibility  is  too  low,  no  light  will  reach  the  receiver.  Because  AWOS 
systems  need  to  measure  higher  visibilities  (5  miles)  than  currently 
measured  at  airports  (1  mile  maximum),  they  must  use  much  longer 
baselines  than  the  250  feet  now  used  at  airports  for  measuring  Runway 
Visual  Range  (RVR). 

The  Tasker  RW-700  transmissometer  (see  Figure  3-2)  is  a  value- 
engineered  version  of  the  Tasker  RVR-500  transmissometer  which  i3 
currently  employed  by  the  FAA  to  measure  RVR.  An  RW-700 

transmissometer  was  installed  at  the  FAA  sponsored  test  site  in  Areata, 
CA  between  March  and  June  of  1981.  A  720-foot  baseline  was  employed  and 
the  projector  and  receiver  were  installed  on  5-foot  posts.  As  a 
reference  standard,  an  RVR-500  transmissometer  was  installed  on  a 
parallel  720- foot  baseline  at  a  height  of  16  feet. 

Automatic  background  light  measurements  were  performed  on  the  RW- 
700  during  its  first  month's  operation.  They  were  then  discontinued 
because  of  incompatibility  with  the  preliminary  AWOS  interface  being 
used.  Later  in  the  tests  the  proper  digital  interface  described  in 
Section  4.4.1  was  tested.  Manual  background  measurements  on  both  the 
RVR-500  and  RW-700  were  made  in  conjunction  with  the  maintenance 
(window  cleaning)  and  calibration  operations  which  were  scheduled  every 
four  days. 

The  Areata  data  showed  reasonable  agreement  between  the  two 
transmissometer  models.  However,  the  absolute  accuracy  of  the  RW-700 
could  not  be  assessed  because  the  major  sources  of  error  (window 
contamination  and  background  light)  were  strongly  correlated  for  the  two 
instruments.  The  Areata  installation  and  results  were  examined  by  the 
test  team,  with  Charles  Douglas  as  a  consultant,  and  five  modifications 
to  the  RW-700  were  recommended: 
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FIGURE  3-2 


1 )  The  elevation  of  the  unit  should  be  raised  to  8  feet  above  the 
ground  to  give  a  more  representative  measurement. 

2)  A  baseline  of  1000  feet  should  be  employed,  if  possible,  to 
improve  the  accuracy  of  the  measurement. 

3)  The  background  light  level  should  be  reduced. 

4)  The  projector  window  should  be  protected  from  contamination 
with  a  longer  hood. 

5)  The  window  surfaces  should  not  be  cleaned  but  rather  allowed 
to  reach  an  "equilibrium"  level  of  contamination. 

3.1.2  Wright  &  Wright  FOG-15  Forward-Scatter  Meter 

Forward-Scatter  Meters  (FSM)  operate  on  a  different  principle  from 
transraissometers.  Instead  of  measuring  the  amount  of  light  lost  from  a 
beam,  they  measure  the  amount  of  light  scattered  out  of  a  beam  into  a 
specific  range  of  scattering  angles.  If  the  light  scattered  into  all 
angles  were  collected,  the  two  measurements  would  be  equivalent 
(neglecting  absorption).  Since  collecting  light  from  all  angles  has 
proved  to  be  impractical,  forward-scatter  meters  select  a  range  of 
angles  (typically  20  to  50  degrees)  which  gives  reasonably  consistent 
results  no  matter  what  type  of  particle  is  causing  the  scattering. 

Forward-scatter  meters  have  many  practical  advantages  over 
transmissometers : 

1)  They  can  measure  a  larger  range  of  visibilities. 

2)  They  are  less  affected  by  window  contamination. 

3)  They  can  be  mounted  on  a  single  inexpensive  post. 

4)  They  are  less  expensive  to  buy  and  maintain. 

All  of  these  advantages  come  at  the  cost  of  two  disadvantages: 

1 )  The  FSM  calibration  may  depend  upon  the  obstruction  to  vision 
(e.g.,  rain,  snow,  or  fog). 

2)  A  FSM  averages  over  a  smaller  portion  of  the  atmosphere  and 
thus  may  at  times  provide  a  less  representative  measurement  of 
visibility  for  a  given  averaging  time. 


The  Wright  &  Wright  FOG-15  forward-scatter  meter  (FSM)  (see  Figure 
3-3)  was  developed  as  a  low-oost  simplified  version  of  the  EG&G  207  FSM, 
which  has  been  used  by  the  Air  Force  as  a  research  instrument  for  the 
last  decade.  It  functions  in  much  the  same  way,  using  a  chopped 
incandescent  light  source  and  a  similar  scattering  geometry. 

Two  types  of  FOG- 15  instrument  deficiencies  were  identified  in  the 
1981  Areata  Tests: 

1 )  An  excessive  variation  in  the  response  of  the  instrument 
compared  to  a  colocated  EG&G  207  FSM  (later  traced  to  a  severe 
variation  of  calibration  with  line  voltage). 

2)  An  instability  in  the  zero  level  of  the  sensor  output. 

In  addition  to  instrumental  problems  the  FOG- 15  is  also  subject  to 
the  two  generic  limitations  where  the  response  of  a  forward-scatter 
meter  may  be  inferior  to  that  of  a  transmissometer: 

1)  For  the  same  averaging  time,  the  spatial  average  measured  by 
the  transmissometer  may  yield  somewhat  more  representative 
values  of  visibility.  Two  or  more  FSM's  may  be  needed  to 
produce  a  comparable  spatial  average. 

2)  Forward-scatter  meters  tend  to  read  lower  visibility  in  rain 
than  a  transmissometer  by  as  much  as  a  factor  of  two. 
Calculations  of  the  effect  of  rain  on  human  vision  indicate 
that  the  transmissometer  response  is  more  appropriate.  (See 
Appendix  F.) 

The  operational  significance  of  these  limitations  has  not  been  assessed. 
3.1.3  Impulsphysics  LD-WHL  Ceilometer 

The  Impulsphysics  LD-WHL  ceilometer  (See  Figure  S-1 2*)  measures  the 
distance  to  a  cloud  with  a  short  infrared  light  pulse  from  a  diode 
laser.  It  processes  the  return  signal  in  two  ways: 


FIGURE  3-3.  WRIGHT  &  WRIGHT  FOG-15  FORWARD  -SCATTER  METER 

(a)  FOG-15 

(b)  FOG-15  with  CALIBRATOR  DISK  INSTALLED 

(c)  PROJECTOR 

(d)  RECEIVER 


FIGURE  3-4.  IMPULSPHYSICS  LD-WHL  CEILOMETER 

(a)  ALONE 

(b)  WITH  ROTATING  BEAM 
CEILOMETER  RECEIVER  IN  FOREGROUND 


1)  Direct  Mode:  by  clocking  the  time  until  the  return  pulse,  and 

2)  Averaged  Mode:  by  averaging  the  return  signal  during  a 
specified  range  gate  which  is  slowly  scanned  over  the  range  of 
the  instrument  (5000  feet).  Each  scan  lasts  for  15  seconds. 

The  performance  of  the  LD-WHL  unit  tested  at  Areata  was  found  to  be 
satisfactory  only  to  a  range  of  2000  feet,  rather  than  the  maximum  range 
of  5000  feet.  This  degradation  in  performance  was  subsequently  traced 
to  beam  misalignment  caused  by  wedged  windows.  The  Areata  unit  was  also 
programmed  for  nonstandard  sensor  operation: 

1 )  One  rather  than  four  measurements  per  minute ,  and 

2)  Direct  mode  disabled. 

Standard  operation  is  required. 

3.2  1982  AWOS  SENSOR  TESTS 

As  a  result  of  the  Areata  Tests,  the  following  sensor  modifications 
were  made: 

1)  Flat  windows  (not  wedged)  were  installed  in  the  LD-WHL  to 
improve  reduced  sensitivity  above  2000  feet.  The  standard 
sensor  operation  (direct  mode  and  four  measurements  per 
minute)  was  restored. 

2)  The  RW-700's  projector  shield  and  mounting  height  were 
modified  and  the  use  of  a  longer  base  line  (1000  feet)  was 
adopted  to  improve  resolution. 

3)  The  FOG-15  was  modified  to  reduce  inherent  instabilities  and 
sensitivity  to  RFI. 

The  goals  of  the  1982  AWOS  sensor  and  system  tests  were  to  validate 
the  performance  of  the  modified  sensor  to  verify  that  the  ARTAIS 
Weather-Check  w  system  will  operate  satisfactorily  with  either  of  two 
visibility  sensors,  the  Tasker  RW-700  and  the  Wright  A  Wright  FOG-15, 
and  with  the  Impulsphysics  LD-WHL  ceilometer. 


In  addition  to  establishing  sensor  performance  and  operational 
verification,  the  interface  of  the  sensors  to  the  Artais  AWOS  processor 
was  also  to  be  verified.  Although  the  sensor  reporting  algorithms 
contained  in  the  processor  software  were  not  to  be  examined  directly,  it 
was  anticipated  that  they  would  be  checked  in  factory  tests  and  in  the 
evaluation  of  the  field  measurements. 

The  primary  focus  of  the  1982  tests  was  to  fill  in  the  information 
not  available  from  the  earlier  Areata  tests.  In  particular,  the 
adequacy  of  sensor  modifications  in  eliminating  earlier  problems  was  to 
be  assessed.  Data  missing  from  the  earlier  tests  were  recorded, 
specifically  the  output  of  the  Tasker  RW-700  computer  and  all  the 
inputs  to  the  Artais  AWOS  processor. 

In  order  to  take  advantage  of  existing  test  data  from  Areata,  Otis, 
and  Sterling  and  to  meet  the  short  time  frame  of  the  evaluation,  the 
test  responsibilities  were  divided  between  the  National  Weather  Service 
(NWS)  Test  and  Evaluation  Division  at  Sterling  VA  and  DOT/TSC  in 
Cambridge,  MA.  The  ceilometer  testing  was  conducted  by  the  NWS  at 
Sterling  while  the  visibility  sensor  testing  was  conducted  by  TSC  at  the 
nearby  AFGL  Otis  test  site.  The  Artais  AWOS  field  verification  was  also 
conducted  at  Otis,  using  one  of  the  ceilometers  tested  at  Sterling.  The 
factory  tests  of  the  Artais  software  were  performed  by  the  NWS. 

3.3  ACCEPTANCE  CRITERIA 

3.3*1  Visibility  Sensors 

Appendix  A  presents  the  Issues  involved  in  developing  realistic 
acceptance  criteria  for  visibility  sensors.  Because  the  1980  accuracy 
standards  are  unattainable,  an  alternative  set  of  "achievable 
accuracies"  has  been  proposed  for  AWOS  systems.  These  AWOS  "achievable 
accuracies"  have  been  adopted,  with  minor  changes,  as  the  pass/fail 
criteria  for  these  tests.  The  following  AWOS  visibility  reporting 
values  (miles)  are  specified:  1/4,  1/4,  1/2,  3/4,  1,  1  1/4,  1  1/2,  2,  2 


1/2,  3,  3  1/2,  4,  5,  5.  The  basic  accuracy  requirement  is  that  the 
reported  visibility  from  the  test  sensor  be  within  one  reporting 

increment  of  the  "standard"  sensor  at  least  90  percent  of  the  time. 
During  precipitation  (e.g.,  rain  or  snow)  readings  two  increments  low 
are  allowed. 

In  the  pass/fail  evaluation  of  the  current  tests  two  changes  were 
made  in  the  "achievable  accuracy"  standards: 

1)  The  reporting  value  of  3-1/2  miles  was  eliminated. 

2)  A  different  standard  sensor  was  used. 

The  reporting  value  of  3-1/2  miles  has  never  been  required 

previously.  This  value  also  produces  the  most  stringent  requirement  on 
sensor  accuracy  as  is  shown  in  Appendix  A.  The  elimination  of  the  3- 1/2 
mile  value  thus  leads  to  a  more  easily  achieved  standard  that  is 
consistent  with  current  operational  practice.  Table  3-2  shows  the 
effect  of  eliminating  the  3-1/2  mile  value  on  the  required  sensor  error 

for  two  error  models.  It  shows  the  sensor  accuracy  needed  to  meet  the 

requirement  that  90  percent  of  the  sensor  reports  lie  within  one 
reporting  increment  of  the  report  from  standard  sensor.  The  numbers  in 
Table  3-2  allow  sensor  accuracy  measurements  to  be  related  to  the 
pass/fail  criteria  even  when  the  amount  of  data  is  too  small  to  produce 
satisfactory  statistical  information.  For  example,  if  the  100-percent 
calibration  of  a  1000-foot  transmissometer  drifts  more  than  5.0  percent, 
the  sensor  will  fail  the  accuracy  test  no  matter  whether  the  3-1/2  mile 
value  is  included  or  not.  Because  other  sources  of  error  (e.g., 
background  light)  add  to  the  error  due  to  calibration  drift,  the  amount 
of  calibration  drift  allowed  is  actually  less  than  the  value  in  Table  3- 
2. 

Defining  a  high  visibility  "standard"  has  proved  to  be  a 
fundamental  problem  in  evaluating  visibility  sensors.  The  AWOS 
achievable  accuracy  standards  specify  a  laser  transmissometer  as  the 
standard.  Unfortunately,  the  FAA  laser  transmissometer  used  to 
calibrate  transmissometers  cannot  operate  on  a  1000-foot  baseline 


TABLE  3-2.  EFFECT  OF  THE  3-1/2  MILE  REPORTING 
VALUE  ON  REQUIRED  SENSOR  ACCURACY 


ERROR  MODEL 

INCLUDE 

REMOVE 

FRACTIONAL  STANDARD 
DEVIATION 

<  .14 

<  .19 

TRANSMISSOMETER 

100  PERCENT 

CALIBRATION  DRIFT: 

lOOO-FOOT  BASELINE 

<3.62 

<5.02 

750  FOOT  BASELINE 

<2.72 

<3.72 
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without  aajor  modif leationa .  Instead,  the  standard  United  States 
transmissometer,  the  Tasker  Model  RVR-500,  mounted  on  a  1000-Foot 
baseline  was  adopted  as  the  "standard"  sensor.  Originally  it  was 
planned  to  use  an  EG&G  207  forward-scatter  meter  to  correct  the  100- 
percent  setting  of  the  "standard"  transmissometer  on  a  daily  basis. 

Such  an  approach  appeared  to  be  feasible  on  the  basis  of  earlier 

* 

studies.  Instead  it  was  decided  to  use  the  1000-foot  baseline  RVR-500 
directly  while  relying  on  daily  window  cleaning  and  calibration  checks 
to  maintain  accuracy.  This  approach  is  simpler  and  avoids  concerns 
about  the  response  of  forward-scatter  meters  at  high  visibilities. 

3. 3*2  Cellometers 

The  AWOS  ceilometer  pass/fail  criteria . are  taken  from  the  same  AWOS 
sensor  "achievable  accuracy"  specification  document  adopted  for 
visibility  sensors.  The  requirements  are: 
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1)  Measure  up  to  5000  feet  for  visibility  greater  than  3  miles 
with  no  precipitation. 

2)  Accuracy  of  +  100  feet  up  to  1500  feet. 

3)  Accuracy  of  +  10  percent  to  5000  feet. 

4)  Capable  of  measuring  to  3000  feet  (with  a  50  percent  cloud 
detection  probability)  in  moderate  rain. 

The  natural  reference  "standard"  for  cellometers  is  the  rotating  beam 
ceilometer  (RBC)  which  is  currently  deployed  at  airports.  Any 
ceilometer  performing  as  well  as  the  RBC  would  be  considered  acceptable. 


1 


The  cloud-height  measurement  accuracy  is  not  a  real  issue  for  laser 
cellometers.  Because  they  rely  on  electronic  timing  to  determine  the 
height,  their  range  accuracy  should  be  limited  only  by  how  well  the 
cloud  base  is  defined.  Thus,  the  intrinsic  height  accuracy  of  a  laser 
ceilometer  is  better  than  that  of  the  RBC.  Measuring  the  range  to  hard 
targets  could  be  used  to  check  the  timing  accuracy  of  a  laser 
ceilometer. 
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The  cloud  detection  sensitivity  is  the  primary  evaluation  question 
for  laser  ceilooeters.  The  NWS  reporting  algorithm  relies  on  the  cloud 
detection  probability  to  determine  whether  a  layer  is  scattered,  broken, 
or  overcast.  If  the  ceilometer  misses  clouds,  the  resulting  layer 
report  can  mislead  a  pilot  by  telling  him  that  cloud  conditions  are 
better  than  he  will  actually  experience. 

3.3.3  Interfaces 

The  following  requirements  were  defined  for  AWOS  interface 
acceptance  criteria. 

1)  The  interface  shall  not  degrade  the  sensor  accuracy. 

2)  The  interface  must  pass  on  all  sensor  self-check  and  failure 
information. 

3)  Interface  failures  must  be  detectable  by  the  AWOS  processor. 


4.  TEST  DESCRIPTION 


The  decision  to  proceed  with  the  final  portion  of  the  test  program 
was  made  at  the  beginning  of  February  1982.  This  chapter  of  the  report 
describes  the  final  six  months  of  the  project.  The  data  collection 
effort  reported  here  was  terminated  in  mid  July.  The  test  site  layout 
is  shown  in  Figure  4*1.  * 

4.1  VISIBILITY  SENSORS 

The  AFGL  Weather  Test  Facility  (WTF)  at  Otis  Air  National  Guard 
Base  (ANGB)  was  selected  for  several  reasons: 

1)  The  Air  Force  routinely  collects  data  from  a  large  number  of 
weather  sensors  including  many  EG4G  207  forward-scatter  meters  and 
two  transmissometers  with  RVR-500  electronics  (300-  and  500-foot 
baselines) . 

2)  Three  of  the  five  participants  have  offices  nearby  in 
Massachusetts. 

The  routine  data  collection  at  the  Otis  WTF  consists  of  one  minute 
sensor  averages  (stored  on  the  Modular  Automatic  Weather  System  (MAWS) 
magnetic  tapes)  and  24  hour  surface  observations  taken  at  the  Otis  tower 
which  is  one  mile  from  the  test  site.  The  MAWS  tapes  are  recorded 
simultaneously  at  Otis  and  via  telephone  link  at  the  AFGL  home  office  at 
Hanscom  Air  Force  Base.  The  Otis  tapes  serve  as  a  back  up  and  were 
furnished  to  TSC  for  analysis. 

The  visibility  sensor  data  on  the  MAWS  tapes  are  sampled  every  12 
seconds  and  averaged  for  one  minute.  This  data  recording  format  was  not 

m 

completely  compatible  with  all  the  needs  of  the  AWOS  sensor  tests. 
Consequently,  two  additional  data  recording  systems  were  installed  for 
specific  purposes.  Nevertheless,  the  MAWS  tapes  furnished  the  primary 
data  for  evaluating  visibility  sensors. 
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4.1.1  Tasker  RW-700  Transmissometer 

The  RW-700  visibility  system  consists  of  a  projector,  a  receiver, 
and  a  computer.  The  receiver  signal  consists  of  a  pulse  rate 

proportional  to  the  detected  light  intensity  (4000  pulses  per  minute 
corresponds  to  100-percent  transmittance).  The  computer  counts  the 
signal  pulses  for  45  seconds  and  converts  the  count  to  a  reporting 

visibility  value  by  means  of  look-up  tables.  A  day/night  detector  is 
used  to  select  the  proper  table.  The  visibility  value  is  output  as  four 
parallel  bits.  Table  4-1  shows  the  reporting  values  supplied  in  the 
test  unit  along  with  the  breakpoints  between  the  values  and  the 
corresponding  extinction  coefficient  (See  Section  5.1 >.  One  should  note 
that  the  Tasker  computer  reports  an  extra  value  (1-3/4  miles)  not 

included  in  the  AWOS  "achievable  accuracy"  standard.  The  RW-700 

computer  checks  the  background  signal  by  turning  the  projector  lamp  off 
for  about  a  minute  every  hour.  The  last  background  count  is  subtracted 
from  the  data  count  before  the  reporting  visibility  value  is  generated. 

4 . 1 . 1 . 1  Installation 

Tasker  RW-700  and  RVR-500  transmissometers  were  installed  on 
parallel  1000-foot  baselines  (actually  960  feet  to  eliminate  underground 
cable  splices).  Figure  4-2  shows  the  sensor  layout.  Table  4-2  shows 
the  height  above  ground  level  of  all  sensors  and  the  measured 
transmissometer  baselines.  The  RVR-500  baseline  was  produced  by  adding 
an  additional  receiver  to  the  existing  500-foot  baseline.  The  RW-700 
was  displaced  about  100  feet  to  the  side  in  order  to  secure  a  clear  path 
past  small  trees,  bushes,  and  the  other  sensors. 

The  1000-foot  RVR  500  receiver  was  mounted  on  a  standard  Air  Force 
tower  of  approximately  12-foot  height,  which  was  installed  on  a 
foundation  consisting  of  four  1 8-inch  diameter  concrete  columns  resting 
on  a  six-foot  square,  one-foot  thick  concrete  slab  buried  five  feet 
below  the  ground.  The  RW-700  foundations  were  much  less  massive. 
Tasker  recommends  that  the  foundation  be  produced  by  using  an  auger  to 
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TABLE  4-1 .  RW-700  REPORTING  VALUES 


FIGURE  4-2.  VISIBILITY  SENSOR  LAYOUT 
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.9 
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FG15 
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9.5 
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drill  two  18-inch  diameter  holes  down  to  two  feet  below  the  frost  line. 
The  soil  between  the  holes  is  to  be  broken  out  and  the  holes  filled 
directly  with  concrete.  Securing  a  contractor  to  install  the  sensor 
foundations  was  difficult;  only  one  company,  located  approximately  80 
miles  away,  was  found  to  be  willing  to  take  on  the  job.  Since  the 

contractor  did  not  have  access  to  an  auger,  he  used  a  back  hoe  to  dig 
the  foundation.  A  hole  six-foot  deep  with  a  single  bucket  width  (24- 
inches)  was  dug.  One  end  was  approximately  vertical  and  the  other 
sloped.  The  top  four  feet  of  the  foundation  were  defined  with  a  two- 
foot  by  three-foot  plywood  form  which  was  removed  after  the  concrete  had 
hardened.  The  bottom  of  the  foundation  was  cast  directly  against  the 
soil  which  was  kept  as  undisturbed  as  possible. 

The  sensor  signals  were  connected  to  two  Data  Acquisition  Systems 
(DAS)  which  record  signal  voltages.  The  first,  the  AFGL  MAWS  system, 
samples  its  inputs  every  12  seconds  and  records  one-minute  averages. 

The  second,  a  Fluke  Model  2240B  was  synchronized  with  the  counting  gates 
of  the  RW-700  computer.  It  records  45-second  averages  of  the  sensor 
signals  listed  in  Table  4-3.  The  transmissometer  data  pulses  are 
converted  to  da  voltages  by  a  circuit  which  counts  for  a  specified  time 

(12  or  45  seconds  respectively  for  the  two  systems)  and  then  latches  the 

count  into  a  digital- to-analog  (D/A)  converter.  The  digital  output 
signals  (4  visibility  bits,  day/night,  data  valid,  and  failure)  from  the 
RW-700  computer  are  recorded  on  the  Fluke  DAS  by  using  a  D/A  converter. 


All  the  transmissometers  were  operated  with  automatic  background 
measurements.  The  background  checks  for  the  RVR-500  transmissometers 
were  synchronized  with  that  of  the  RW-700.  Because  the  standard  45- 
second  background  duration  is  too  short  to  allow  measurement  with  the 
MAWS  DAS,  the  background  duration  was  increased  to  3.4  minutes.  This 
extension  of  the  RW-700  background  check  causes  the  RW-700  computer  to 
report  a  failure  for  a  period  after  each  background  check.  The  voltage 
indicating  a  background  check  was  recorded  on  both  data  acquistion 
systems. 


4 . 1 . 1 .2  Maintenance  Strategy 

The  usefulness  of  a  visibility  sensor  for  an  unattended  AWOS 
requires  a  long  period  between  maintenance  and  calibration  visits.  As 
reconmended  by  Tasker,  a  30-day  calibration  cycle  was  established. 
Instead  of  cleaning  the  windows ,  they  were  allowed  to  reach  an 
equilibrium  level  of  contamination.  After  each  thirty  day  period  the 
100-percent  transmittance  level  was  reset  on  the  basis  of  the  observed 
maximum  transmittance  on  a  stripchart  recorder.  In  particular,  the 
transmittance  should  read  100  percent  just  after  a  frontal  passage  with 
precipitation. 

In  contrast,  the  1000-foot  baseline  RVR-500  was  maintained 
intensively  as  a  standard.  The  windows  were  cleaned  dally  and  the 
calibration  adjusted  whenever  it  appeared  to  be  necessary. 

4. 1.1. 3  Chronology 

The  RW-700  was  installed  in  April.  Installation  was  delayed  by  a 
misdirected  air  freight  shipment  and  a  freak  April  snow  storm.  When 
first  installed  the  RW-700  performed  poorly.  Setting  up  the  metering 
circuit  of  the  unit  was  not  possible  because  of  improperly  installed 
lightning  protection  circuitry.  The  measured  transmission  exhibited  a 
40-percent  diurnal  variation.  Tasker  personnel  cleared  up  the  problems 
the  week  of  May  12  by  changing  the  lightning  protection,  repairing  a 
poor  lamp  connection,  and  swapping  in  a  new  pulse  amplifier  card  in  the 
receiver. 

The  installation  of  the  RVR-500  1000- foot  baseline  was  delayed  by 
missing  pieces  in  the  receiver  tower.  The  problems  experienced  with  the 
RW-700  allowed  both  transmissometers  to  begin  test  operation  at  the 
same  time  (May  17).  On  May  14,  the  RVR-500  lamp  was  changed  to  correct 
a  severe  overshoot  which  followed  each  background  check.  The  initial 
transmissometer  calibration  was  performed  on  May  17,  1982.  The 
calibration  was  based  on  an  estimate  of  15  mile  visibility  which 
corresponds  to  96  percent  transmittance  on  a  1000-foot  baseline  (98 
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percent  on  a  500-foot  baseline).  The  transmissometers  were  set  to  read 
the  appropriate  count  rate  plus  the  measured  background  rate.  The  RW- 
700  windows  were  cleaned  for  the  last  time. 

The  alignment  of  the  RW-700  was  observed  to  have  shifted  on  May 
31.  The  system  was  realigned  three  times  during  the  first  month  of  the 
test  period.  The  observed  loss  in  transmittance  due  to  misalignment  was 
35$,  39$  and  12$  on  June  2,  9  and  18  respectively.  The  misalignments 
occurred  during  a  period  of  heavy  rains  after  a  two  month  spell  of  very 
dry  weather.  The  area  of  backfill  around  the  RW-700  receiver  settled  a 
number  of  inches  during  the  rainy  period.  The  direction  of  the 
foundation  shift  was  toward  the  sloping  side  of  the  hole,  which  had  to 
be  backfilled  to  the  full  six-foot  depth. 

At  its  time  of  first  recalibration  (and  realignment)  on  June  18  the 
RW-700  had  lost  6  percent  in  its  100-percent  transmittance  setting, 
when  compared  to  the  RVR-500  which  was  calibrated  several  times  and  had 
its  windows  cleaned  every  day.  Five  percent  of  this  loss  had  occurred 
by  May  25. 

Just  before  the  recalibration  on  June  18,  the  RW-700  began  to 
exhibit  a  background  level  Instability  which  was  traoed  to  moisture 
which  had  leaked  into  the  reoeiver  electronics  housing  through  an 
inadequate  seal.  The  problem  was  rectified  on  June  23  when  the  seal  was 
repaired  and  a  bag  of  dessicant  was  installed  in  the  housing.  The 
second  recalibration  of  the  RW-700  was  done  on  July  21  on  a  very  clear 
day  following  a  storm.  The  re  calibration  was  made  difficult  by  the 
failure  of  the  meter  in  the  projector  electronics  package.  No  change  in 
the  100-percent  setting  was  needed.  The  receiver  was  realigned  with  a 
gain  in  100-percent  setting  of  less  than  one  percent.  Midway  during  the 
second  month's  operation  the  RW-700  projector  was  realigned  and  gave  a 
3  percent  gain  in  100-percent  setting. 

The  1000-foot  baseline  RVR-500  needed  no  changes  of  alignment 
during  the  first  month's  operation,  apart  from  projector  adjustments 
when  the  lamp  was  changed.  The  July  21  calibration  showed  that  the 
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1000-foot  baseline  RVR-500  receiver  had  finally  drifted  out  of 
alignment.  Realignment  produced  an  increase  of  6  percent  in  the  100- 
percent  setting.  Since  the  alignment  had  been  checked  frequently,  it  is 
likely  that  the  rainy  period  proceeding  the  realignment  was  responsible 
for  this  shift. 

4.1.2  Wright  4  Wright  FOG-15  Forward-Scatter  Meter 

At  the  beginning  of  the  final  six  month  test  period  an  unmodified 
FOG-15  unit  (SN  003)  was  operating  at  Otis.  The  unit  tested  at  Areata 
(SN  004)  was  returned  to  the  Manufacturer  for  modifications  to  correct 
two  deficiencies. 

1 )  An  excessive  variation  in  the  response  of  the  instrument 
compared  to  a  colocated  EG4G  207  FSM. 

2)  An  instability  in  the  zero  level  of  the  sensor  output. 

4. 1.2.1  Modifications 

The  excessive  signal  variation  was  traced  to  a  severe  line  voltage 
dependence  in  the  calibration  of  the  instrument.  Factory  tests  showed  a 
factor  of  two  variation  in  the  calibration  as  the  line  voltage  was 
changed  from  100  to  130  VAC.  The  source  of  this  variation  was  the 
voltage  dependence  of  the  light  chopping  frequency  which  is  generated  by 
an  induction  motor.  The  change  in  frequency  leads  to  phase  shifts  in 
the  synchronous  detector  used  to  extract  the  chopped  signal  from  the 
background  noise.  This  problem  was  solved  by  introducing  identical 
phase  shifts  into  the  reference  signal  for  the  synchronous  detector.  A 
unit  (SN  004)  with  this  modification  was  installed  at  Otis  on  2/23/82. 

The  unstable  baseline  problem  persisted  in  this  modified  unit  and 
was  traced  to  radio  frequency  interference  (RFI)  at  the  Otis  site,  a 
problem  which  does  not  exist  at  the  Wright  4  Wright  factory  in  Oak 
Bluffs,  MA.  On  3/12/82  an  RFI  power  line  filter  was  installed  and  a 
signal  line  exhibiting  minimum  RFI  was  selected.  The  zero  stability  was 
notably  improved  although  it  still  exhibited  some  problems. 
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On  4/13/82  a  new  unit  (SN  015)  was  installed  which  had  a  number  of 
additional  modifications.  The  cable  input  to  the  instrument  was 
modified  to  permit  proper  installation  of  the  power  line  RFI  filter. 
The  internal  components  of  the  instrument  were  grounded  and  bypassed  to 
minimize  the  sensitivity  to  radiated  RFI.  In  addition,  the  chopping 
frequency  was  increased  to  improve  the  rejection  of  background  light 
signals.  This  unit  was  operated  for  the  duration  of  the  test  period 

except  for  two  weeks  at  the  beginning  of  May  when  it  was  removed  for 

testing  at  the  Calspan  environmental  chamber  because  of  a  prior  Air 
Force  commitment.  After  it  was  brought  back  to  Otis  it  developed  a  zero 
instability  for  two  weeks.  The  zero  level  was  adjusted  on  May  26.  The 
instability  persisted  until  May  27  when  the  unit  stabilized  with  a  zero 
offset  of  36  mV  which  remained  constant  until  July  9  when  the  unit  was 
returned  to  the  factory  for  evaluation.  The  problem  appeared  to  be 

caused  by  poor  wiper  contact  on  the  zero  potentiometer.  The 
manufacturer  plans  to  switch  to  a  higher  quality  component  for  this 
critical  adjustment.  The  observed  zero  shift  corresponds  to  a  50- 

peraent  error  at  3-mile  daytime  visibility,  which  is  unacceptable.  An 
additional  FOG-15  unit  (SN  003  with  the  same  modifications  as  SN  015) 
was  installed  on  May  25.  In  addition  to  the  usual  voltage  output,  this 
unit  was  also  equipped  with  a  frequency  modulated  current  output  for 
interface  to  the  Artals  AWOS  system. 

4. 1.2. 2  Calibration 

The  FOG- 15  units  constructed  to  date  are  equipped  with  a  rotating 
filter  wheel  in  front  of  the  detector.  The  calibration  procedure 
oonslsts  of  installing  a  translucent-plastic  scattering  disk  into  the 
scattering  volume  and  rotating  a  neutral  density  filter  (N.O.  3.0;  l.e., 
x1000)  in  front  of  the  detector  in  order  to  reduce  the  signal  to  a 
manageable  level  (see  Figure  3-3).  If  the  scattering  disk  and  the 
neutral  density  filter  are  stable  in  time,  any  drift  of  the  unit  can  be 
checked. 


This  FOG-15  calibration  procedure  does  not  allow  a  unit's 
calibration  to  be  referenced  to  a  standard  because  of  variations  in  the 
actual  attenuation  of  nominally  identical  neutral  density  filters.  Late 
in  the  test  program  the  internal  neutral  density  filter  was  referenced 
to  a  standard  filter  which  can  be  installed  in  any  unit.  The  absolute 
calibration  of  the  standard  disk  and  filter  is  obtained  by  measuring  the 
output  of  a  unit  which  has  been  calibrated  against  a  transmissometer. 

On  July  9  the  calibrations  of  three  FOG- 15  units  (SN  3,  4 ,  15)  at 
Otis  were  checked  with  the  standard  disk  and  filter  as  well  as  an  older 
disk  and  the  internal  filters.  The  results  are  shown  .in  Table  4-4. 
Both  voltage  and  frequency  outputs  were  checked.  Enough  measurements 
are  included  to  test  the  consistency  of  the  calibration  technique.  The 
ratio  of  the  signals  from  the  two  scattering  disks  should  be  the  same 
for  all  units  and  filters.  Likewise,  the  ratio  of  the  signals  from  the 
internal  and  standard  filters  should  be  the  same  for  both  scattering 
disks.  The  results  in  Table  4-2  show  a  calibration  consistency  Of  about 
6  percent. 

On  July  16  the  calibration  of  unit  SN  015  was  rechecked  at  the 
factory  and  found  to  show  a  25-percent  higher  voltage.  This  change  was 
traced  to  a  decreased  response  at  high  temperatures  because  of  leakage 
in  the  diodes  used  to  clip  noise  in  the  signal  processing  electronics. 
The  problem  was  corrected  and  unit  SN  015  was  reinstalled  on  July  22. 
This  change  could  conceivably  affect  the  noise  rejection  capability  of 
the  unit.  The  rain  response  may  also  be  affected  since  the  large  signal 
spikes  from  individual  rain  drops  may  have  been  suppressed  by  the  soft 
clipping.  No  data  from  this  unit  have  been  analyzed  since  additional 
sensor  changes  are  pending. 

The  calibration  data  in  Table  4-4  for  SN  003  and  015  were  measured 
on  a  hot  day  with  strong  solar  heating,  and  may  therefore  be  affected  by 
the  temperature  problem.  The  SN  004  measurements  were  made  inside  the 
UTF  building  and  are  probably  valid.  Calibrations  made  under  cool 
conditions  (and  with  the  new  dipping  for  SN  015)  on  July  22  or  23  are 
also  shown  in  Table  4-4.  The  calibration  for  SN  003  was  consistent  at 
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all  times  while  that  of  SN  015  shows  the  difference  mentioned  above. 
The  data  for  the  standard  disk  and  the  standard  filter  can  be  used  to 
check  the  relative  response  of  SN  003  and  SN  015  which  have  been  the 
test  units  at  Otis.  The  response  ratio  of  003  to  015  is  1.74  which  is 
close  to  the  nominal  value  of  2.00.  The  gain  of  SN  003  would  have  to  be 
multiplied  by  a  factor  of  1.15  to  be  equivalent  to  that  of  SN  015. 

The  calibrations  of  the  voltage  to  frequency  (V/F)  converter  can  be 
determined  from  Table  4-4.  They  are  895  and  990  Hz/volt  respectively 
for  SN  003  and  004.  The  nominal  calibration  is  1000  Hz/volt. 

4.2  CEILOMETERS 

4.2.1  NWS  Data  Collection 

In  February  1982  considerable  data  had  been  collected  at  the  NWS 
Sterling  VA  test  site  on  two  laser  ceilometers:  Impulsphysics  LD-WHL 
and  ASEA  QL  1211.  The  LD-WHL  unit  had  been  modified  to  rectify  the 
problems  discovered  in  the  Areata  tests.  The  wedged  windows  were 
replaced  with  parallel-surface  windows  and  the  standard  operation  was 
restored.  An  additional  modified  LD-WHL  unit  was  moved  to  Sterling  for 
side-by-side  testing  of  two  units.  These  units  were  later  used  for  the 
attenuator  tests  described  below.  Finally  the  second  LD-WHL  was  moved 
to  Otis  at  the  end  of  April  to  be  interfaced  to  the  Artais  AWOS. 

The  Sterling  ceilometer  data  acquisition  system  recorded  cloud  hit 
data  from  the  three  laser  ceilometers  on  magnetic  tape  cassettes.  Cloud 
hits  from  a  reference  rotating  beam  ceilometer  were  generated  by  two 
different  electronic  circuits  and  also  stored  on  the  cassettes.  The 
data  system  generated  real-time  printouts  of  cloud  hits  from  each 
ceilometer  on  a  minute  by  minute  basis. 

A  report  evaluating  the  Sterling  Ceilometer  data  was  prepared  in 
March  1982  and  is  attached  to  this  report  as  Appendix  B.  The  response 
of  the  laser  ceilometers  under  various  conditions  (clear,  rain,  snow, 
fog)  and  for  various  cloud  heights  was  observed.  The  evaluation  used 


4-15 


the  Dulles  airport  surface  observations  (several  miles  away)  to 
determine  the  visibility  and  obstruction  to  vision.  The  printouts 
rather  than  the  data  cassettes  were  used  for  the  cloud  hit  data.  The 
printouts  contain  only  one  line  each  minute  and  therefore  cannot 
Indicate  how  often  hits  are  missed.  The  results  of  this  NWS  report  will 
be  discussed  In  Section  6.3. 

4.2.2  Attenuation  Test 

One  of  the  fundamental  characteristics  of  a  laser  ceilooeter  is  Its 
capability  of  penetrating  obscuration  (fog,  rain,  snow)  to  detect  a 
cloud.  The  NMS  reporting  algorithm  requires  a  cloud-hit  probability  of 
at  least  60  or  70  peraent  for  visibilities  of  1-1/2  or  2  miles.  The 
practical  upper  range  of  a  oeilometer  is  set  by  this  requirement. 

The  effect  of  obscuration  on  a  ceiling  measurement  is,  to  reduce 
the  Intensity  of  the  signal  returning  from  a  cloud.  This  effect  can  be 
simulated  by  Inserting  attenuation  into  the  oeilometer  beam.  A 
comparison  of  the  aloud-hit  probability  with  and  without  the  attenuation 
under  unobscured  conditions  can  be  used  to  determine  the  "excess"  signal 
available  to  penetrate  obscuration.  The  attenuation  would  be  adjusted 
until  the  cloud-hit  probability  dropped  to  the  minimum  acceptable  value. 
It  is  Important  to  use  real  clouds  for  this  measurement  since  hard 
targets  are  unlikely  to  properly  simulate  the  statistical  variations  in 
cloud  reflectivity.  Appendix  C  describes  a  test  of  this  technique. 


The  excess  signal  can  be  related  to  a  minimum  visibility 
requirement.  Por  example,  suppose  a  5000-foot  oeilometer  is  to  operate 
in  two-mile  daytime  visibility.  If  the  visibility  of  two  miles  is 
uniform  up  to  a  cloud  base  at  5000  feet,  the  returning  signal  is  reduced 
by  a  faotor  of  20.  An  "excess"  signal  of  a  factor  of  20  would  be  needed 
to  meet  this  requirement. 


4.3  HUMAN  OBSERVATIONS 


Surface  Weather  Observations  are  made  24  hours  per  day  at  the  Otis 
Control  Tower  one  mile  from  the  test  site.  Tower  personnel  made  the 
observation  forms  available  for  copying  at  the  end  of  each  month.  These 
observations  were  used  to  identify  obstructions  to  vision  and  to 
correlate  with  the  output  from  the  Artais  AWOS.  The  observations  were 
not  used  to  evaluate  sensors.  The  variation  in  human  observations  are 
far  too  great  to  allow  a  meaningful  evaluation  of  sensor  accuracy, 
especially  when  the  sensor  and  observer  are  far  apart. 

4.4  ARTAIS  INTERFACE 

The  Artais  Weathercheck  w  AWOS  system  was  installed  in  mid  May. 
The  processor  and  recording  equipment  was  installed  in  a  trailer 
belonging  to  TSC  which  was  placed  as  shown  in  Figure  4-1.  The  wind 
sensor  was  placed  on  a  nearby  20-foot  tower.  The  temperature  and  dew 
point  sensors  were  mounted  at  the  8-foot  level.  The  Impulsphysics  LD- 
WHL  cellometer  was  located,  as  shown  in  Figure  4-1,  next  to  the  receiver 
from  the  rotating  beam  cellometer  (RBC).  The  Artais  AWOS  was  interfaced 
to  two  visibility  sensors  (Figure  4-1):  an  RW-700  and  a  FOG-15  (SN 
003 )•  The  Artais  reports  were  output  to  a  voice  unit  which  could  be 
called  via  telephone. 

4.4.1  Interface  Definition 

The  Artais  interface  to  the  Impulsphysics  LD-WHL  ceilometer  makes 
use  of  the  sensor's  RS232  110  Baud  serial  ASCII  output.  Reports  are 
generated  every  15  seconds.  The  initial  three  characters  of  a  normal 
report  are  "?*•";  they  are  followed  by  one  or  two  cloud  heights.  If  any 
failure  is  detected  by  the  sensor  self  checks,  one  of  the  asterisks 
changes  to  a  letter  indicating  the  nature  of  the  failure.  Failure 
checks  include  laser  power,  receiver  sensitivity  and  power  supply 
voltage.  In  the  case  of  a  failure  the  cloud  height  fields  of  the  report 


aay  contain  data  on  tha  failure.  This  interface  format  allows  simple 
failure  detection.  Interface  failures  are  also  easily  detected  by  the 
absence  of  a  valid  report. 

The  RW-700  interface  consists  of  six  parallel  bits:  4  visibility 
bits  (Table  4-1),  1  data  valid  bit,  and  a  day /night  bit.  In  addition, 
provision  is  Bade  for  the  Artais  processor  to  set  all  data  bits  to  "1" 
or  "0"  to  check  for  stuck  bits.  The  day-night  bit  is  transferred  as  the 
110  VAC  signal  on  the  day /night  switch.  All  others  are  made  by  means  of 
optical  isolation  to  avoid  grounding,  problems.  The  RW-700  computer 
outputs  two  other  bits  which  would  be  useful  in  an  operational 
environment:  a  failure  bit  and  a  computer- in-test-mode  bit.  The 
failure  bit,  although  not  necessary  to  ensure  valid  data,  was 
interfaced  midway  through  the  test  period.  The  RW-700  computer  checks 
for  lamp  or  cable  failures,  as  well  as  unrealistic  signal  or  background 
levels.  Although  the  RW-700  computer  generates  a  new  visibility  value 
every  49  seconds,  the  Artais  processor  samples  only  every  minute.  The 
RW-700  readings  are  averaged  for  10  minutes  as  called  for  by  the  NWS 
reporting  algorithm. 

The  Artais  interface  to  the  FOG-15  Bakes  use  of  the  frequency 

aodulated  current  (10mA)  output  to  drive  an  optical  Isolator.  A 

frequency- to-voltage  (F/V)  converter  is  used  to  generate  a  voltage  that 

is  sampled  every  10  seoonds.  The  zero  signal  frequency  of  the  FOG- 15  is 

set  to  100  Hz.  The  full  scale  signal  (10  VDC)  generates  10,100  Hz  and 
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corresponds  to  500  10  a  (which  is  half  the  standard  full  scale 
response).  The  100  Hz  offset  allows  for  failure  deteotion.  A  frequency 
below  50  Hz  is  considered  to  be  a  failure.  The  FOG- 15  sensor  checks  for 
lamp  or  chopper  aotor  failure  and  shuts  off  the  frequency  output.  Cable 
failures  also  generate  a  failure  indication. 

4.4.2  Data  Acquisition 

Both  raw  and  processed  data  from  the  test  sensors  were  recorded  in 
a  microprocessor-based  data  acquisition  system  built  at  TSC  to  record 
aellometer  data.  It  recorded  the  Weathercheck  ASCII  reports  which  were 


sent  to  the  voice  unit  every  minute.  The  laser  ceilometer  ASCII  outputs 
occurred  every  15  seconds.  The  RW-700  reports  occured  every  48.75 
seconds.  Both  RVR-500  and  FOG- 15  data  were  averaged  and  sampled  for  the 
same  period.  In  addition,  the  transmissometer  background  check  signal 
was  recorded.  In  other  words  the  same  visibility  data  recorded  on  the 
Fluke  DAS  were  also  recorded  along  with  the  ceilometer  and  Artais  data. 
In  summary  the  data  tapes  contained: 

a)  Heathercheck  reports 

b)  RW-700  computer  output  (RW)  (also  day/night) 

c)  RW-700  raw  data 

d)  RVR-500  raw  data 

e)  Transmissometer  background  check  indicator 

f)  FOG-15  raw  data 

g)  LD-WHL  cloud  hit  messages 

h)  Day  and  time 

The  ASCII  messages  from  the  ceilometer  and  Artais  were  listed  on 
printers.  In  addition,  stripcharts  of  the  WTF  rotating-beam  ceilometer 
data  were  generated. 

The  interfaces  of  the  sensors  to  the  recording  system  were 
carefully  designed  to  sense  exactly  the  same  data  received  by  the  Artais 
processor.  The  ceilometer  RS232  signal  was  connected  in  parallel.  The 
visibility  sensor  signals  were  hooked  up  to  series  optical  isolators. 

Completion  of  the  Artais  data  recording  installation  was  delayed 
until  mid  June  because  of  compatability  problems  with  the  Artais  message 
and  because  of  needed  debugging  of  the  recording  system,  especially  the 
display  which  showed  the  data  accepted  by  the  microprocessor.  The 
amount  of  data  recorded  was  limited.  Some  sensor  interfaces  were 
damaged  by  lightning  surges  on  two  occasions  in  late  June.  The  tape 
recorder  failed  on  July  13.  However,  sufficient  data  were  recorded  to 
evaluate  the  interfaces.  The  Artais  processor  correctly  reports  data 
"missing"  in  the  event  of  sensor  or  interface  failure. 


5.  DATA  ANALYSIS 


5.1  RELATIONSHIP  BETWEEN  VISIBILITY  AND  EXTINCTION  COEFFICIENT 

The  NWS  visibility  reporting  algorithm  uses  the  same  equations  to 
relate  visibility  to  extinction  coefficient  as  are  defined  for  Runway 
Visibility  Value  (RW): 


Day:  a  =  2.90/V  (1) 

Night:  a  =  (In  (.00336V))  /V  (2) 

where  a  is  the  extinction  coefficient  and  V  is  the  visibility.  The  day 
equation  corresponds  to  a  5.5-percent  contrast  visibility  threshold. 
The  night  equation  corresponds  to  the  visibility  of  an  omnidirectional 
25  oandela  lamp.  These  equations  are  plotted  in  Figure  5-1  where  the 
value  of  extinction  coefficient  has  been  converted  to  the  units  used  in 
this  report:  10  m  or  1/10  km. 

5.2  Sensor  Errors 

5.2.1  Systematic  Errors 

Because  the  sensors  actually  measure  extinction  coefficient,  most 
errors  assume  a  simpler  form  when  related  to  extinction  coefficient 
rather  than  to  visibility.  In  particular,  one  can  relate  the  measured 
extinction  coefficient  a 1  for  sensor  1  to  the  actual  extinction 
coefficient  a  by  the  equation 

a  ■  K^a  +  d^  ^3) 

where  not  equal  to  unity  is  a  slope  or  gain  error  and  D^  not  equal  to 
zero  is  an  offset  error. 

5. 2. 1.1  Forward-Scatter  Meter 

A  forward-scatter  meter  (FSM)  generates  an  output  signal 
proportional  to  the  extinction  coefficient.  The  constant  of 
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FIGURE  5-1.  RW  VERSUS  EXTINCTION  COEFFICIENT  (LOGARITHMIC  SCALES) 


proportionality  depends  upon  the  lamp  intensity,  the  geometry  of  the 
optics,  the  receiver  sensitivity,  and,  to  some  extent  (e.g.  in  rain), 
the  obstruction  to  vision. 

The  primary  question  concerning  FSM’s  is  how  well  the  constant  in 
Equation  3  can  be  kept  at  unity.  The  offset  is  normally  very  small 
for  a  forward-scatter  meter  which  uses  a  chopped  light  source.  Only  if 
the  background  light  fluctuations  are  large  enough  to  cause  clipping  in 
the  electronics  will  a  significant  value  of  D  be  generated.  Such 
clipping  generally  occurs  only  under  sunny  conditions.  It  is  usually  of 
short  duration  (a  few  minutes)  and  can  be  minimized  by  proper  sensor 
siting. 

5.2. 1 .2  Transmissometer 

The  transmissometer  is  subject  to  errors  in  both  slope  (K)  and 
offset  (D).  The  slope  errors,  in  contrast  to  the  FSM,  are  not  likely  to 
be  large.  The  first  potential  source  of  slope  error  is  the  use  of  light 
outside  the  visible  range.  The  extensive  use  of  infrared  light  in  U.S. 
sensors,  both  PSM's  and  transmissometers,  could  conceivably  introduce 
errors  under  haze  conditions.  A  second  potential  source  of  slope  error 
in  transmissometers  is  due  to  forward-scattered  light  being  collected  by 
the  receiver.  This  error  leads  to  an  overestimate  of  the  visibility. 
Forward-scatter  errors  are  most  troublesome  for  very  short  baselines 
where  the  receiver  field  of  view  must  be  large  to  include  the  full 
transmitted  beam.  One  can  show  that  the  forward-scatter  error 
introduces  a  fixed  percentage  error  in  slope  K  if  one  considers  only 
single  scattering  and  a  fixed  droplet  size  distribution.  (See  Appendix 
E.) 


For  high  visibilities  the  most  important  transmissometer  error 
involves  the  light  setting  corresponding  to  100-percent  transmittance. 
Errors  in  100-percent  setting  produce  an  offset  D  in  measured  extinction 
coefficient,  which  can  be  readily  calculated.  The  basic  equation  for 
the  transmissometer  is: 
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T  =  exp(-  ab)  (4) 

where  T  ia  the  transmittance,  b  Is  the  baseline  and  a  is  the 
extinction  coefficient  averaged  along  the  baseline.  This  equation  can 
be  rearranged  to  give 

a  =-<lnT)/b.  (5) 


If  "f"  is  the  measured  transmittance  when  there  is  no  loss  in  the 
atmosphere  (Tsl.OO)  (i.e.,f  =  the  100-percent  calibration)  then  the 
measured  transmittance  is 


T  s  Tf.  (6) 

m 


The  measured  extinction  coefficient  is  obtained  by  combining  Equations 
2,  3,  and  4: 

a=  a  -  <lnf)/b.  (7) 

m 

The  offset  is  thus  identified  as 

D  =  -  (lnf)/b.  (8) 

Contributing  to  the  100-percent  error  are  (1)  window  contamination,  (2) 
calibration  error,  (3)  lamp  drift,  and  (4)  receiver  drift.  In  state-of- 
the-art  transmissometers  the  drifts  are  relatively  unimportant  in 
producing  offsets.  The  calibration  error  can  be  important  for  long 
baselines.  Window  contamination  and  calibration  error  are  thus  the 
dominant  sources  of  offset  error. 


The  one  remaining  transoissometer  error  is  background  light,  the 
effeet  of  which  is  not  simply  an  offset  or  a  slope  error.  Background 
light  produces  an  offset  error  for  high  transmittances  but  the  error 
increases  for  smaller  transmittances. 


5. 2. 1.3  Least-Square  Fit 


The  fact  that  most  sensor  systematic  errors  can  be  described  by 
Equation  3  means  that  a  linear-least-square  fit  to  the  measurements  of 
two  sensors  can  be  used  to  identify  relative  systematic  errors.  In  this 
case  the  extinction  coefficient  measurements  of  the  two  sensors,  1  and 
2,  are  fitted  to  the  equation: 


=  *12a2 


'12 


(9) 


where  K12  will  be  the  ratio  of  and  K2  and  D12will  be  approximately  D1 

-D^  for  K1  and  K2  near  unity.  This  method  yields  an  additional  bonus 

that  the  residual  error  in  can  be  used  as  a  measurement  of  the 

sensor  disagreement. 


The  least-square  fit  method  will  be  illustrated  by  the  fog  event 
shown  in  Figure  5-2  which  will  be  termed  Event  #1.  This  event  was 
selected  because  the  visibility  is  slowly  varying  so  that  sensor 
comparisons  should  have  relatively  little  scatter.  Actually,  Figure  5-2 
shows  only  part  of  the  event  which  lasts  from  2000  on  6/16  to  0700  on 
6/17.  The  airport  surface  observations  were  used  to  verify  the  lack  of 
precipitation  during  this  event. 

Figure  5-3  shows  extinction  coefficient  scatter  plots  for  Event  #1 
comparing  the  measurements  of  the  two  1000- foot  baseline 
transmlssometers,  R7V-700  and  RVR-500.  The  dashed  lines  in  the  plots 
correspond  to  ♦  15  percent  disagreements.  The  solid  line  is  the  linear 
least-square  fit  to  the  measurements.  There  is  a  considerable  offset 
"D”  in  this  case  and  also  the  slope  "K”  is  less  than  one.  Table  5-1 
contains  the  numerical  information  of  the  fit.  The  top  line  of  the 
table  represents  the  fit  plotted  in  Figure  5-3  (KsO.896,  D=6.11).  It 

includes  all  the  data  points.  The  other  lines  in  the  table  represent 
least-square  fits  to  selected  ranges  of  the  data.  The  extinction- 
coeffioient  range  is  listed  on  the  left  and  the  corresponding  daytime- 
visibility  range  on  the  right.  These  are  the  ranges  for  sensor  2  which 
is  plotted  on  the  X-axis  of  the  scatter  plot. 
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TABLE  5-1.  LINEAR  LEAST-SQUARE  FITS  TO  EVENT  #1 
RW-700  versus  lOOO-FOOT  RVR  500. 
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The  value  of  D=6  in  the  least-square  fit  of  Figure  5-3  corresponds 
to  a  value  fs0.87  according  to  Equation  8.  This  loss  of  13  percent  in 
the  100-percent  calibration  is  consistent  with  the  measurement  two  days 
later  of  a  realignment  gain  of  12  percent  coupled  with  a  recalibration 
gain  of  6  percent. 

Figure  5-4  (a,  c)  shows  the  effect  on  daytime  visibility  of  the 
systematic  errors  shown  in  Figure  5-3*  The  large  offset  causes  a  big 
error  for  visibilities  above  one  mile. 

The  software  for  generating  scatter  plots  allows  for  the  correction 
of  systematic  errors  by  means  of  the  equation: 


aeor  *  Ka 


meas 


+  D 


(10) 


The  values  K  a  1.1  and  Os  -6.7  correct  the  RW-700  data  of  Figure  5-3  to 
give  the  results  of  Figure  5-5  which  show  no  systematic  errors.  Table 
5-1  shows  the  least-square  fits  for  these  corrections.  Figures  5-4b,  d 
show  the  corresponding  corrected  visibility  plots. 


5.2.2.  Random  Errors 


Random  errors  in  visibility  measurements  can  arise  from  a  number  of 
sources.  The  first  is  the  intrinsic  noise  of  the  sensor.  The  second  is 
the  statistical  fluctuations  which  occur  when  there  are  few  particles 
within  the  sample  volume  sensed  (relevant  to  rain  and  snow).  The  third 
is  spatial  variations  in  the  extinction  coefficient.  All  random  errors 
can  be  reduced  by  averaging  for  a  longer  period  of  time.  The  second  and 
third  source  of  error  can  also  be  reduced  by  averaging  over  a  larger 
volume  of  space. 

The  least-square  fit  method  described  in  the  last  section  can  be 
used  to  measure  the  random  variation  between  two  sensors.  The  residual 
standard  deviation  (R.S.D)  errors  listed  in  Table  5-1  represent  the 
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variation  in  o^  which  is  not  explained  by  Equation  3*  Because  the 
variation  tends  to  be  a  fraction  of  the  extinction  coefficient,  it  is 
useful  to  divide  the  rms  error  of  by  the  mean  value  of  a  ^ .  The 
resulting  fraction  sensor  1  R.S.D.  errors  are  listed  in  the  second  to 
last  oolumn  of  Table  5-1.  This  normalization  also  allows  the 
comparisons  of  rms  errors  for  different  sensors  to  be  independent  of 
slope  (K)  errors. 

5.2.3  Additional  Analysis  Techniques 

Fractional  errors  are  sore  easily  visualized  on  logarithmic  scatter 
plots  than  on  the  linear  plots  of  Figure  5-3, 5.  Figure  5-6  shows  both 
extinction  coefficient  and  visibility  plots  of  the  same  data.  Again  the 
dashed  lines  represent  disagreements  of  ♦  15  percent.  The  slope  error  K 
causes  the  data  lines  to  be  displaced  from  the  diagonal  of  the  plots. 
The  offset  error  D  causes  the  data  lines  to  curve  on  the  log-log  plots. 

According  to  Equation  1,  3  and  8,  the  fractional  error  in 
visibility  or  extinction  coefficient  be  represented  as: 

(VV)/VB  a  (a-o,)/oa  (In  f)V/2.9b  (11) 

Since  the  100-percent  calibration  errors  (Inf)  are  similar  for  all 
transmlssometers ,  the  fractional  errors  depend  upon  the  ratio  of  the 
visibility  to  the  baseline  (V/b).  Errors  in  background  correction  also 
lead  to  fractional  errors  depending  only  on  V/b.  Figure  5-7  shows  a 
plot  of  fractional  error  (Equation  11)  versus  V/b  for  the  two  1000-foot 
transmlssometers  for  Event  #1.  When  the  systematic  errors  are  corrected 
(Figure  5-7b)  the  fractional  error  becomes  almost  independent  of  V/b. 

The  Implementation  of  the  pass/fail  criteria  for  this  report 
requires  a  comparison  of  the  reporting  values  for  the  test  sensor 
compared  to  a  standard  sensor  which  is  taken  to  be  the  1000-foot  RVR-500 
transmissometer  (termed  ”RVR5K).  Table  5-2  shows  the  form  of  such  a 
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TABLE  5-2.  REPORTING  VALUE  SCATTER  TABLE  FOR  EVENT  #1: 

RW-700  VERSUS  1000- FOOT  RVR  500:  CORRECTED  DATA 
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comparison.  Two  scatter  tables  are  generated  from  the  measured 
extinction  coefficients,  the  first  using  the  daytime  visibility  equation 
(Equation  1)  and  the  second  using  the  nighttime  equation  (Equation  2). 
The  top  line  of  each  scatter  table  shows  the  total  number  of 
measurements  falling  in  each  reporting  increment  (listed  at  the  bottom 
of  the  column)  for  the  standard  sensor  (RVR5  in  this  case).  The  numbers 
in  the  body  of  the  table  represent  the  fraction  of  the  time  the  test 
sensor  (RW7)  has  the  reporting  values  listed  in  the  left  column.  The 
fraction  of  time  that  the  reporting  values  are  identical  is  enclosed  in 
brackets  to  make  the  table  easier  to  read.  Even  though  the  systematic 
errors  have  been  corrected  in  Table  5-2,  the  random  errors  still  produce 
some  disagreements  in  reporting  values.  No  error  larger  than  one 
increment  is  observed  in  this  case. 

Figure  5-8  shows  the  extinction  coefficient  strip  chart  for  Event 
#2  which  consisted  of  rain  which  may  have  had  some  fog  mixed  in.  Figure 
5-9  shows  the  visibility  scatter  plots  for  this  event  for  the  two  1000- 
foot  transmissometers .  The  remarkable  feature  of  this  event  is  the 
close  agreement  of  the  two  sensors,  In  contrast  to  Event  #1  (Figure  5- 
4),  there  is  no  significant  slope  error  or  offset  and  very  little 
scatter. 

5.3  RW-700 


As  discussed  above,  the  measurement  accuracy  of  a  transmissometer 
depends  upon  the  ratio  of  the  visibility  to  the  baseline.  Figures  5-10, 
shows  how  well  the  RVR-700  ("NTAS")  agreed  with  the  RVR-500  ("OTAS") 
during  the  Areata  tests.  The  percentage  error  is  plotted  against  the 
visibility  divided  by  the  baseline  of  720  feet.  Figure  5-10  shows  one 
month's  data  collected  with  background  checks  on  the  RW-700.  Almost  no 
low  visibilities  occurred.  Figure  5-1 la  shows  the  next  month's  data 
where  the  RW-700  background  checks  were  disabled.  The  data  consistency 
is  much  improved  in  Figure  5-1 1b  where  only  night  data  are  plotted.  One 
can  draw  the  following  conclusions  from  the  plot  Figure  5-llb: 
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FIGURE  5-9.  VISIBILITY  SCATTER  PLOTS  FOR  EVENT  # 2 :  RW-700  versus  lOOO-FOOT  RVR  500 
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1)  The  RW-700  visibilities  are  10  percent  higher  with  a 

variation  of  ♦  10  percent  for  normalized  visibilities  between 
0.7  and  10  times  the  baseline. 

2)  The  two  units  tend  to  agree  better  between  0.5  and  0.7  times 

the  baseline  where  they  are  both  receiving  very  little  light 

from  the  projector.  No  data  exist  below  0.5  times  the 
baseline  where  the  transmittance  is  only  0.3  percent. 

3)  The  percentage  error  tends  to  increase  rapidly  above  10  times 

the  baseline.  The  spread  is  about  +  20  percent  at  20  times 

the  baseline. 

Figure  5-12  shows  normalized  RW-700  accuracy  data  from  Otis  for 
the  two  10-day  periods  where  data  were  available  and  the  alignment  was 
stable.  The  bad  data  points  in  Figure  5- 12a  are  probably  due  to 
extremely  inhomogeneous  fog  conditions.  The  July  data  in  Figure  5- 12b 
correlate  better  than  the  June  data  and  also  better  than  the  Areata 
data;  they  probably  represent  the  optimum  sensor  performance  since  both 
the  100-percent  calibration  and  the  alignment  were  stable  for  this 
period. 

The  normalization  of  transmissometer  data  can  also  be  done  on  the 
shorter  baseline  RVR-500  transmissometers  at  Otis.  Figure  5-13  compares 
the  300-and  500-foot  baselines  with  the  1000- foot  baseline  for  the  same 
period  in  Figure  5-12a.  Note  the  sharp  drop  which  occurs  at  the  left 
where  the  1000-foot  baseline  saturates,  but  the  shorter  baselines  do 
not.  Figure  5-14  comparing  the  300- foot  to  the  500-foot  baseline  does 
not  dip.  The  different  RVR-500  baselines  have  smaller  systematic 
differences  than  the  10-peroent  difference  between  the  1000-foot  RVR-500 
and  RW-700  in  Figure  5-12. 

5-3-1  Slope  Discrepancy 

The  events  illustrated  in  Section  5.3  were  selected  to  illustrate 
the  10-peroent  slope  discrepancy  between  the  1000-foot  RW-700  and  RVR- 
500  transmissometers.  The  data  of  Event  #1  are  typical  of  most  other 
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events  in  showing  a  10-percent  difference  in  slope  and  a  fair  amount  of 
scatter.  Event  #2  was  unique  in  showing  exact  agreement  with  little 
scatter  between  the  two  1000-foot  baseline  transmissometers.  The 
interpretation  of  these  observations  will  be  deferred  to  Section  6.1. 

The  data  of  Figure  5-12  are  presented  as  reporting  value  scatter 
tables  in  Tables  5-3,4, 5.  Tables  5—3 » 5  include  a  10-percent  correction 
factor  (K1  s  1.10).  The  data  of  Table  5-3  do  not  meet  the  pass/fail 
test  (90  percent  of  the  test  sensor's  reporting  values  within  one 
reporting  increment  of  the  standard).  The  July  data  in  Tables  5-4,  5 
meet  the  pass/fall  test  both  with  and  without  the  correction  factor 
Klsl.lO.  A  comparison  of  Tables  5-4  and  5-5  show  that  the  10-percent 
correction,  however,  does  improve  the  agreement  between  the  sensors. 

The  greater  scatter  in  the  June  data  (Figure  5-12a,  Table  5-3)  than 
the  July  data  (Figure  5-13a,  Tables  5-4,5  was  first  attributed  to  the 
receiver  instability  problem  which  was  not  cleared  up  until  June  23*  A 
closer  examination  showed  that  the  instability  problem  made  no  major 
contribution  to  the  observed  differences.  The  majority  of  the 
disagreements  in  both  June  and  July  occurred  under  ground  fog  conditions 
where  the  fog  ms  patchy  according  to  the  other  visibility  sensors.  The 
RVT-700  actually  read  higher  fog  densities  (points  below  the  zero  line 
in  Figure  5-12)  than  the  RVR-500  under  these  conditions,  presumably 
because  of  its  lower  height  coupled  with  a  sharp  decrease  in  fog  density 
with  height.  Only  one  or  two  disagreements  were  associated  with  data 
reoordlng  glitches.  A  correlation  of  disagreement  with  background  light 
variation  was  noted.  Significant  differences  between  the  sensors  (i.e., 
reporting  values  differing  by  more  than  one  increment)  were  more  likely 
to  occur  toward  the  end  of  the  hour  between  background  checks, 
particularly  in  the  evening  or  morning  when  the  background  levels  are 
changing.  In  this  case  the  background  errors  add  to  the  other  errors 
present  to  make  a  significant  disagreement  more  likely. 
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TABLE  5-3-  SCATTER  TABLE:  6/18-6/28:  RW-700  versus  lOOO-FOOT  RVR  500 
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TABLE  5-4. 
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TABLE  5-5.  SCATTER  TABLE:  7/  9-7/20:  RW-70Q  versus  lOOO-FOOT  RVR  500: 

WITH  10-PERCENT  SLOPE  CORRECTION. 


mil  OTIStt.AU 


Kl«  I.IOO 


VtSimiTT  COURT  FRACTION l 

SWT  VS.  mi  SITIt  TRAIUti  VIA* I  tttt  OATSi  7/  •>  7/tS 
AVtSAOIRO  IS  PIS 


TOTALS' 

>■• 

Si 

41 

1. AST 
t.SOl 

2.  Mi 
I  .SSI 
t.SSi 
I.Mi 

S/4i 

I/ll 

1/41 

<1/41 


41 

41 

11 

24 

21 

It 

41 

IS 

IS 

124 

IS! 

2M 

70] 

f.M 

S.M 

S.M 

S.M. 

S.M 

S.M 

S.M 

S.M 

S.SS 

S.M 

S.M 

S.22 

(S.SS) 

S.M 

S.M 

f.M 

S.M. 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.ll 

(S.SS! 

S.SS 

S.M 

S.M 

S.M 

f.M 

S.M 

S.M 

S.M 

S.SS 

S.M 

2.24 

(S.SS) 

S.22 

S.SI 

S.M 

S.M 

S.M 

S.M.' 

S.M 

'  S.M 

S.M 

S.M 

S.S2 

(S.SS) 

S.2S 

S.M 

f.ff 

S.M 

S.M 

S.M 

S.M. 

S.M 

S.M 

S.M 

S.SS 

(S.SI) 

S.SS 

f.ff 

S.SS 

S.M 

S.M 

S.M 

S.M 

S.M. 

S.M 

S.M 

S.1S 

CS.  72) 

2.24 

Ml 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M. 

S.M 

S.22 

(S.74J 

S.SS 

S.M 

S.S2 

S.M 

S.SS 

S.M 

S.M 

S.M 

S.M 

S.M. 

S.  14 

CS.S71 

S.SS 

S.SI 

S.SI 

S.SI 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.  12 

cs.aoi 

S.ll 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

(A.  411 

S.M 

S.M 

S.M 

S.M 

SjSI 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

II.SS1 

S.S4 

S.M 

S.M 

S.SS 

S.M 

S.SI 

S.M 

S.M 

S.M 

S.M 

s.sz 

(S.M1 

S.M 

S.M 

S.M 

S.M 

S.S2 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

(S.M] 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

<1/4 

1/4 

1/2 

1/4- 

I.M 

1 .24 

I.M 

2.M 

2.M 

I.M 

4 

S 

>B 

27  SR  11  IR 


11  17  1ST  141  140 


Si 

S.M 

S.M 

S.M 

f.ff 

S.M 

S.M 

S.SS 

S.M 

S.M 

S.SI 

S.SI 

(2.71) 

S.M 

4t 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

f.ff 

S.M 

S.IS 

(S.SI) 

S.M 

S.M 

SSI 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.IS 

(2.7S1 

S.M 

S.SI 

f.ff 

Ml 

f.ff 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.IS 

(S.7S1 

S.SS 

S.SI 

S.SI 

f.ff 

**' 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

(S.SS) 

S.SI 

S.SI 

S.SI 

S.M 

S.M 

Ml 

S.M 

S.M 

S.M 

S.M 

S.M 

S.ll 

(I.M) 

S.M 

S.M 

S.M 

S.SI 

S.M 

S.M 

ISi 

S.M 

S.M 

S.M 

S.M 

S.SS 

(S.SS) 

S.M 

S.M 

S.M 

S.M 

S.M 

S.M 

f.ff 

ffl 

f.ff 

S.M 

S.M 

S.SS 

(S.SS) 

S.M 

S.M 

S.M 

S.M 

S.M 

S.SI 

S.M 

f.ff 

1/4* 

S.M 

S.M 

S.SI 

(S.fl) 

S.SS 

S.SS 

S.M 

S.M 

S.SI 

S.M 

S.M 

S.M 

f.ff 

/ii 

S.M 

S.ll 

(S.SS1 

S.M. 

S.M 

S.SS 

S.M 

S.M 

S.M 

S.M 

f.ff 

S.M 

f.ff 

✓41 

S.M 

(S.SS) 

S.M 

S.M 

S.M 

S.M 

S.M 

S.SS 

S.SS 

S.SS 

S.M 

S.M 

S.M 

✓4a 

(S.M) 

S.M 

S.SS 

S.M 

S.M 

S.M 

S.SS 

f.ff 

S.M 

S.SS 

f.ff 

S.SS 

f.ff 

5.3*2  Background  Levels 


The  RW-700  background  levels  observed  with  the  1000-foot  baseline 
at  Otis  are  Illustrated  in  Figure  5-15.  The  upper  curve  is  for  a 
typical  sunny  day  while  the  lower  curve  shows  how  the  background  can  be 
reduoed  on  a  cloudy  day.  The  1000-foot  RVR-500  had  background  levels 
approximately  half  those  of  the  RW-700  because  of  higher  lamp  current 
(15  A  vs  12  A).  The  maximum  RW-700  background  levels  were  between  4 
and  5  percent. 

At  Areata  the  RW-700  (720-foot  baseline)  had  somewhat  lower 

maximum  background  levels  (3  to  3.5  percent)  which  were  symmetrical 

between  morning  and  evening  rather  than  showing  the  evening  peak  of 
Figure  5-15.  The  720-foot  RVR-500  had  a  much  lower  background  level 
(0.3  percent)  because  of  a  smaller  field  stop  and  a  higher  lamp  current 
(perhaps  the  20A  for  which  the  lamp  is  rated). 

The  background  levels  oan  change  rapidly  enough  in  one  hour  to 

affeot  the  visibility  measurement.  Figure  5-15  shows  changes  of  2 

percent  in  an  hour,  and  even  larger  jumps  are  possible.  One  way  of 

estimating  the  errors  due  to  background  changes  is  to  compare  the 

trmnsaissoaeter  measurements  to  a  forward-scatter  meter  which  is 

relatively  insensitive  to  sunlight.  Such  a  comparison  was  carried  out 

for  10  sunny  days.  Figure  5-16  shows  one  example.  The  rest  are  in 

Appendix  D.  The  soatter  plot  on  the  left  covers  the  data  before  and 

during  sunset.  The  right  plot  shows  the  data  following  in  the  night. 

NOTE:  the  times  are  GMT.  This  comparison  usually  shows  a  significant 
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broadening  of  about  1  10  m  in  the  measured  extinction  coefficient. 

This  broadening  corresponds  to  a  100-percent  calibration  error  of  about 
2  percent,  whloh  is  reasonable. 

5.3*3  100-Peroent  Calibration 

The  100-peroent  calibration  stability  in  the  evaluation  will  be 

assessed  from  the  calibration  log.  It  is  possible,  however,  to  assess 
the  100-peroent  calibration  level  by  comparison  with  the  standard 


FIGURE  5-15-  RW-700  BACKGROUND  LEVEL  versus  LOCAL  TIME  OF  DAY  (EI>T,  not  GMT) 


FIGURE  5-16.  EXTINCTION  COEFFICIENT  SCATTER  PLOTS:  RW-700  versus  AVERAGE  OF  TWO  EG&G  207  SENSORS 
(X10,  Y10) :  (a)  LATE  AFTERNOON  THROUGH  SUNSET:  (b)  NIGHT. 
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transmissometer  (as  in  Figure  5-3)  or  with  forward-scatter  meters  as  in 
Figure  5-1 6  and  Appendix  D. 

5.3*4  Computer  Breakpoints 

Figures  5-17  and  18  compare  the  RW-700  computer  reading  to  the  raw 
data  value  for  day  and  night  respectively.  A  given  reporting  value  is 
output  for  a  range  of  raw  data  values.  The  breakpoints  should  be  those 
shown  in  Table  4-1.  The  scatter  plots  in  Figure  5-17  show  daytime 
visibility  so  that  the  daytime  breakpoints  can  be  verified  by 
inspection.  The  night  breakpoints  in  Figure  5-1 8  are  also  correct,  but 
must  be  verified  by  comparison  of  extinction  coefficients  with  Table  3- 
2.  The  data  are  stored  as  equivalent  extinction  coefficient  and  the 
software  uses  only  the  day  calibration  to  generate  visibility. 

5.4.  FOG-15 

5.4.1  Non-Linear  Calibration 

For  fog  events  the  FOG- 15  data  consistently  show  greater  slope  with 

-4  -1 

respect  to  the  transmissometers  at  low  (o  <30  10  m  )  extinction 

coefficient  than  at  high  extinction  coefficients.  Figure  5-19  shows  the 

scatter  plots  of  Event  #1  comparing  the  FOG-15  (SN  015)  data  to  the  standard 

transmissometer.  The  offset  (01)  of  -3.6  corrects  for  the  36  mV  sensor 

offset.  Table  5-6  shows  the  least-square  fits  to  the  data.  The 

calibration  assumed  that  1.00  volt  corresponded  to  an  extinction 

-4  -1 

coefficient  of  100  10  m  ,  which  gave  reasonable  overall  agreement: 

a  =  100  V 

where  a  is  the  extinction  coefficient  and  V  is  the  sensor  voltage.  The 
least-square  fits  (Tables  5-6)  were  used  as  a  guide  toward  defining  a 

nonlinear  calibration  curve.  The  fit  for  0.6  <  a  <  38  gave  a  slope  of 

1.3  with  a  very  small  offset.  The  fit  for  38  <  o  <1000.  gave  a  slope 
of  0.9.  These  numbers  were  used  to  calculate  the  new  calibration  curve: 
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FIGURE  5-17-  DAY  VISIBILITY  SCATTER  PLOTS:  RW-700  COMPUTER  (C7S1) 
versus  RW-7QQ  RAW  DATA:  NO  AVERAGING. 
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Figure  5-20  a,  b  shows  the  extinction  coefficient  scatter  plots  for 
Event  #1  with  this  new  calibration.  The  results  are  ouch  improved. 
Pigure  5-20  b,c  shows  the  corresponding  visibility  scatterplots.  Figure 
5-21  shows  the  visibility  scatter  plots  for  the  other  FOG-15  sensor 
tested  (SN  003),  which  is  termed  "FG16"  in  the  plots.  The  calibration 
correction  factor  of  K1=  1.15  is  used  to  convert  the  calibration  to  an 
absolute  standard  (Section  4. 1.2. 2).  An  alternative  non-linear 
calibration  using  equivalent  voltage  rather  than  extinction  coefficient 
was  tried  for  SN  003  which  has  twice  the  sensitivity  of  SN  015.  Basing 
the  nonlinear  calibration  on  extinction  coefficient  gave  better  results. 

5.4.2  Accuracy 

Tables  5-7  and  5-8  present  the  reporting  value  scatter  tables 
corresponding  to  Figures  5-20  and  5-21.  For  this  smoothly  varying  fog 
event  both  FOG-15  sensors  meet  the  pass/fail  test  of  having  at  least  90- 
peroent  of  the  test  sensor's  values  within  one  increment  of  the  standard 
sensor's  values.  Figures  5-22  and  5-23  show  the  FOG-15  visibility 
scatter  plots  for  Event  #2  which  was  a  rain  event.  Tables  5-9  and  5-10 
show  the  corresponding  scatter  tables.  For  this  event  SN  015  passes  but 
SN  003  Just  falls  because  of  low  readings  in  the  1.25  mile  region. 

A  valid  sensor  evalution  should  include  data  from  many  events. 
Tables  5-11  through  5-15  show  several  weeks  worth  of  data  for  the  two 
P0G-15  units.  In  this  case  the  sensors  do  not  meet  the  pass/fail  test. 
They  came  closer  to  passing  the  week  of  6/11-18/82  when  the  calibration 
was  defined  using  Event  #1  than  they  do  on  the  following  week. 
Presumably  some  of  the  disagreement  is  due  to  events  having  rapidly 
changing  visibility  where  the  different  averaging  volumes  of  the  FOG- 15 
and  1000-foot  RVR-500  preclude  good  agreement.  Averaging  two  forward- 
scatter  meters  together  should  improve  the  agreement.  This  hypothesis 
was  tested  by  using  the  X10  and  710  EGA G  207  sensors  which  are 
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TABLE  5-7.  SCATTER  TABLE:  EVENT  #1:  EOG-15  (SN  015)  versus  lOOO-FOOT  RVR  500 
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TABLE  5-8.  SCATTER  TABLE:  EVENT  #1:  FOG-15  (SN  003)  versus  1000- FOOT  RVR  500 
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FI  CUBE  5-23.  VISIBILITY  SCATTER  PLOTS  FOR  EVENT  '/2:  FOG-15  (SN  003) 
versus  lOOO-FOOT  BASELINE  RVR  500. 


TABLE  5-9.  SCATTER  TABLE:  EVENT  #2:  FOG-15  (SN  015)  versus  lOOO-FOOT  RVR  500 
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anutiM  t 


TOTALS  I 

a 

9 

a 

i 

IS 

IS 

zs 

SI 

ss 

» 

z 

a 

9 

>S* 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

IS  .Ml 

Si 

f.«f 

a.aa 

a.aa 

a.aa 

a.aa 

9.99 

9.99 

9.99 

a.aa 

a.aa 

9.99 

u.aai 

9.99 

41 

f.lf 

a.aa 

a.aa 

a.aa 

a.aa 

9.99 

9.99 

9.99 

a.aa 

a.aa 

u.aai 

9.99 

9.99 

rsio 

3.m 

I.M 

a.aa 

a.aa 

a.aa 

a.aa 

9.99 

a.aa 

9.99 

a.aa 

M.  SSI 

I.M 

a.aa 

a.aa 

3. Mi 

f.M 

a.aa 

a.aa 

a.aa 

a.aa 

9.99 

a.aa 

a.aa 

u.aai 

a. 47 

a.aa 

a.aa 

a.aa 

•AT 

Z.Mi 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

U.  371 

a.  aa 

a.aa 

9.99 

a.aa 

a.aa 

I.Mi 

f.M 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

U.  411 

a.  si 

wi 

a.aa 

a.aa 

a.aa 

a.aa 

l.ZSi 

I.IC 

a.aa 

a.aa 

a.aa 

a.aa 

la.ssi 

f.SS 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

9.99 

I.Mi 

f.M 

a.aa 

a.aa 

a.aa 

U.ISI 

a. ss 

JilL 

9.99 

9.99 

9.99 

a.aa 

a.aa 

9.99 

S/41 

f.M 

a.aa 

a.aa 

(I.MI 

a.n 

JjSS 

9.99 

9.99 

9.99 

a.aa 

a.aa 

a.aa 

9.99 

l/Z« 

f.M 

a.aa 

u.aai 

a.aa 

Jill 

9.99 

9.99 

9.99 

9.99 

a.aa 

a.aa 

a.aa 

9.99 

1/41 

a.aa 

u.aai 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

<1/41 

u.aai 

a.aa 

a.aa 

a.aa 

a.aa 

9.99 

a.aa 

9.99 

a.aa 

a.aa 

a.aa 

a.aa 

9.99 

<1/4 

1/4 

l/Z 

S/4 

I.M 

I.ZS 

i.sa 

a.aa 

z.sa 

a.aa 

4 

s 

>s 

aval 


TOTALS* 

a 

• 

a 

9 

a 

a 

10 

zz 

34 

47 

30 

3 

9 

>Sl 

aa 

99 

a.aa 

a.aa 

a.aa 

aa 

a.aa 

a.aa 

a.aa 

a.aa 

9.99 

M 

u.aai 

Si 

aa 

aa 

a.aa 

a.aa 

9.99 

aa 

a.aa 

a.aa 

9.99 

9.99 

a.aa 

ci 

001 

9.99 

41 

99 

99 

9.99 

9.99 

9.99 

99 

9.99 

9.99 

9.99 

9.99 

(4.331 

H 

9.99 

sets 

3. M> 

aa 

99 

a.aa 

a.aa 

9.99 

99 

a.aa 

a.aa 

9.99 

U.Ul 

0.41 

99 

9.99 

Z.SOi 

aa 

aa 

a.aa 

a.aa 

a.aa 

99 

a.aa 

a.aa 

CO.I71 

O.SI 

SJ^ 

99 

a.aa 

•ITS 

I.M) 

99 

99 

a.aa 

a.aa 

a.aa 

99 

a.aa 

to. SSI 

a.n 

Jill. 

9.99 

aa 

9.99 

I.Mi 

aa 

99 

a.aa 

9.99 

9.99 

99 

U.Ul 

o.ss 

M4 

a.aa 

a.aa 

99 

9.99 

l.ZSi 

99 

aa 

a.aa 

9.99 

a.aa 

u 

991 

O.SO 

o.os 

Iff 

9.99 

9.99 

99 

9.99 

1.99% 

aa 

99 

9.99 

9.99 

u.aai 

99 

9.19 

9.99 

9.99 

9.99 

a.aa 

99 

9.99 

S/41 

99 

99 

a.aa 

u.aai 

9.99 

99 

a.aa 

a.aa 

a.aa 

9.99 

a.aa 

99 

9.99 

l/Zi 

99 

99 

u.aai 

9.99 

a.aa 

99 

a.aa 

a.aa 

9.99 

9.99 

a.aa 

99 

9.99 

1/4* 

99 

U 

991 

9.99 

9.99 

a.aa 

99 

9.99 

9.99 

9.99 

9.99 

9.99 

99 

9.99 

<1/4* 

(a 

Ml 

9 

99 

9.99 

9.99 

9.99 

99 

9.99 

9.99 

9.99 

9.99 

9.99 

99 

9.99 

<1/4 

1/4 

l/Z 

S/4 

\  .aa 

l 

2V 

1  .10 

i.aa 

1.99 

9.99 

4 

% 

>i 

avas 


TABLE  5-11.  SCATTER  TABLE:  6/11  -  6/18:  FOG-15  (SN  015)  versus  lOOO-FOOT  RVR  500 


Mill  OTMM.ll 

•  I*  -2.0 


rtis  vs.  svtf  ttTd  otis 
IHIMtat  IJ 


VISISIL ITV  COURT  FRACTION 

IITd  OTIS  VCARi  IS02  OAVSi 


TOTAifl 

II 

s 

10 

f 

IS 

0 

M 

It 

IS 

ii 

41 

41 

7S4 

>0< 

9.99 

t.m 

t.m 

t.m 

t.m 

0.00 

t.m 

t.m 

t.m 

t.m 

0.00 

0.11 

Cl. 001 

•< 

I.M 

t.m 

0.00 

t.m 

0.00 

0.00 

9,99 

0.00 

0.00 

9,19 

0.3f 

to.  IS) 

0.00 

41 

0.10 

t.m 

t.m 

0.00 

t.m 

0.00 

0.00 

0.00 

0.04 

O.lt 

C0.il) 

0.10 

0.00 

MIS 

S.Mi 

0.00 

0.00 

0.00 

0.00 

t.m 

0.00 

0.00 

O.lt 

0.21 

CO. 12) 

0.10 

0.00 

t.m 

I.Ul 

0.00 

t.m 

t.m 

0.00 

t.m 

0.00 

0.00 

0.11 

C0.U) 

O.lt 

0.00 

t.m 

t.m 

SAT 

I.MI 

0.00 

t.m 

t.m 

0.00 

t.m 

t.m 

O.lt 

•CO.lt) 

0.21 

0.01 

0.00 

t.m 

t.m 

I.Ui 

0.00 

t.m 

t.m 

0.00 

Ml 

0.12 

CO.  401 

0.17 

0.00 

0.00 

0.00 

0.00 

0.00 

i.iii 

t.m 

t.m 

t.m 

dn 

o.u 

CO. SO) 

o.tt 

t.m 

0.00 

0.00 

t.m 

t.m 

0.00 

I.NI 

t.m 

0.00 

0.00 

0.13 

to. Ill 

o.zs 

0.00 

0.00 

0.00 

0.00 

0.00 

t.m 

0.00 

S/41 

0.00 

t.m 

t.m 

10.441 

t.m 

liiL 

0.00 

t.m 

t.m 

0.00 

0.00 

0.00 

t.m 

i/d 

0.00 

a.ii 

CO.  SO) 

0.11 

Ml 

0.00 

0.00 

0.00 

0.00 

t.m 

t.m 

0.00 

0.00 

1/41 

0.00 

CO. TO) 

t.m 

t.m 

0.00 

t.m 

0.00 

t.m 

0.00 

0.00 

0.00 

0.00 

*0.00 

<1/41 

U.12I 

0.11 

0.00 

0.00 

t.m 

0.00 

t.m 

t.m 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

t.m 

0.00 

0.00 

t.m 

t.m 

t.m 

0.17 

t.m 

dii 

t.m 

CO.SSl 

0.00 

t.m 

t.m 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

•  JU 

0.11 

C0.  Ml 

0.0) 

t.m 

0.00 

0.00 

t.m 

t.m 

0.00 

0.00 

0.00 

.dOO 

0.2S 

CO.  Ml 

t.m 

0.00 

0.00 

0.00 

t.m 

t.m 

t.m 

0.00 

0.00 

0.00 

0.00 

CO.U) 

O.lt 

0.00 

0.00 

0.00 

t.m 

t.m 

0.00 

t.m 

0.00 

0.00 

0.41 

C0.U1 

0.21 

0.00 

0.00 

t.m 

0.00 

t.m 

t.m 

0.00 

t.m 

0.20 

0.H 

C0.U) 

0.17 

t.m 

0.00 

0.00 

0.00 

0.00 

0.00 

t.m 

t.m 

t.m 

0.40 

CO.  22) 

0.07 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.27 

10.20) 

0.22 

0.00 

0.00 

t.m 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.20 

CO. Ml 

0.20 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

t.m 

0.00 

t.m 

CO. Ml 

0.12 

0.00 

t.m 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

C1.001 

0.00 

t.m 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Cl. 001 

t.m 

0.00 

t.m 

0.00 

0.00 

t.m 

0.00 

t.m 

0.00 

0.00 

0.00 

co.ooi 

0.00 

9.99 

0.00 

9.99 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

TABLE  5-12.  SCATTER  TABLE:  6/18-6/25:  FOG-15  (SN  015)  versus  lOOO-FOOT  RVR  500 


tiu>  arazM.it 
§i«  -z.a 


Ftu  yt.  mi  ixTt i  oris 
awimim  t a 


VISIBILITY  COURT  FRACT10R 

BITS i  OTIS  YIARI  IBtZ  BAYS' 


TOTAL  ll 

MZ 

Zl 

14 

i  a 

• 

Zl 

a 

a 

is 

za 

az 

tat 

Ml 

>.M 

a.M 

a.M 

f.ff 

a.M 

S.M 

a.m 

a.aa 

a.m 

a.aa 

1. 42 

a.  a7 

II.  Ml 

a.M 

I.M 

a.M 

a.M 

I.M 

a.aa 

a.m 

I.M 

a.iz 

i.ji 

a.4Z 

ta.aai 

I.M 

4i 

I.M 

a.M 

a.M 

a.M 

a.M 

a.M 

a.m 

I.M 

a.za 

a. 4i 

ts.iai 

a.aa 

I.M 

MM 

a. mi 

a.M 

a.M 

a.M 

I.M 

s.m 

i.m 

JL2L 

a. a?"' 

CS.ltl 

a.M 

a.aa 

a.aa 

Z.Ui 

a.M 

a.M 

a.M 

I.M 

a.M 

a.aa 

aaa 

a.zz 

ca.izi 

a.m 

a.aa 

a.aa 

a.m 

BAY 

t.Ml 

a.M 

a.M 

a.M 

a.M 

a.aa 

a. 14 

la.  mi 

a.iz 

a.m 

a.m 

a.aa 

a.m 

I.Ml 

a.M 

0.M 

a.M 

iai 

aja 

a.aa 

ta.aai 

a.m 

a.m 

a.m 

a.m 

a.m 

a.aa 

i.m 

I.M 

a.M 

a.M 

a.aa 

a.za 

IS.  371 

a.m 

a.aa 

a.aa 

a.m 

a.m 

a.aa 

a.aa 

I.Ml 

a.M 

1.11 

a.aa 

a.aa 

ts.tai 

a.iz 

a.aa 

a.m 

a.aa 

a.m 

a.m 

a.m 

a.aa 

3/4* 

a.M 

a.M 

a.ar 

IS.  Ml 

t.M 

a.m 

a.m 

a.aa 

a.m 

a.aa 

a.m 

a.m 

a.aa 

i/ti 

I.M 

a.za 

ca. 4ii 

S.M 

S.M 

a.m 

a.m 

a.aa 

a.m 

a.m 

a.m 

a.aa 

a.aa 

1/4* 

a.M 

(a. mi 

a.aa 

s.m 

a.M 

a.aa 

a.m 

a.m 

a.m 

a.m 

a.m 

a.m 

'a.aa 

<1/41 

u.mi 

a.iz 

a.aa 

a.M 

S.M 

a.aa 

a.m 

a.aa 

a.m 

a.aa- 

a.aa 

a.aa 

a.m 

a.aa 

a.m 

i.m 

a.aa 

i.m 

t.m 

t.m 

i.m 

i.m 

i.m 

I.M 

1.17 

11. Ml 

a.m 

i.m 

i.m 

i.m 

i.m 

a.aa 

i.m 

i.m 

i.m 

a.aa 

i.m 

IS.Ztl 

i.m 

a.aa 

a.aa 

i.m 

a.aa 

i.m 

i.m 

i.m 

i.m 

limi 

a.  43 

IS.  Zf  1 

s.aa 

i.m 

a.aa 

a.aa 

i.m 

i.m 

i.m 

i.m 

ajM 

iji^ 

1.17 

ta.aai 

1.17 

t.m 

a.aa 

a.aa 

i.m 

i.m 

i.m 

i.m 

i.m 

i.m 

i.m 

ta.aai 

I.M 

a.aa 

i.m 

i.m 

a.aa 

i.m 

a.aa 

i.m 

i.m 

£imL 

a.z7 

ta.aai 

t.m 

I.M 

i.m 

i.m 

i.m 

a.aa 

i.m 

li£, 

a.aa 

1.7 a 

i.m 

ca.  an 

a.  ia 

Ml 

I.M 

i.m 

i.m 

i.m 

a.aa 

a.aa 

a.aa 

±aa 

a.za 

ta.17] 

I.M 

i.m 

I.M 

t.M 

a.aa 

a.aa 

a.aa 

a.aa 

I.M 

a.aa 

a.  ia 

la.aai 

a.aa 

a.aa 

a.aa 

I.M 

a.aa 

a.aa 

a.aa 

i.m 

a.aa 

I.M 

a.  is 

la.tai 

i.m 

i.m 

a.aa 

a.aa 

I.M 

a.aa 

i.m 

a.aa 

a.aa 

a.aa 

1.17 

is.rti 

I.M 

i.m 

a.aa 

a.aa 

a.aa 

«.M 

a.aa 

i.m 

I.M 

.i.m 

a.aa 

IS. til 

I.M 

i.m 

i.m 

i.m 

i.m 

a.aa 

a  ,aa 

a.aa 

a.aa 

i.m 

a.aa 

ta.Mi 

a.az 

1.11 

a.aa 

i.m 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

a.aa 

i.m 

TABLE  5-13.  SCATTER  TABLE:  6/11-6/18:  FOG-15  (SN  003) 
versus  lOOO-FOOT  RVR  500 


visisiljtv  count  traction 


It  OTN2RI.il 

rcis  vs 

.  NVRS 

SITti 

OTIS 

TCAAt  19S2 

DAVSs 

S/ll- 

S/IS 

M0II0S  i  0-24 

1.IM 

AVI RACING  1R 

TOTALS  ■ 

12 

s 

If 

• 

12 

f 

13 

10 

2* 

11 

41 

41 

7S4 

>•« 

l.ffl 

R.RS 

9.99 

9.99 

R.RR 

R.RR 

R.RS 

R.RR 

0.00 

R.R1 

rn 

R.24 

IS.  SSI 

18 

l.ff 

9.99 

i.aa 

9.99 

R.RS 

9.99 

R.RR 

9.99 

9.99 

0.13 

R.22 

CR.4S1 

0.01 

41 

f.lf 

R.RS 

R.RR 

9.99 

R.RR 

R.RS 

R.RR 

I.U 

0.04 

R.21 

CR.4N1 

0.29 

0.00 

7C1S  S.RRt 

R.RS 

9.99 

R.RR 

9.99 

R.RR 

0.00 

Ml 

9.11 

R.RR 

IS.  121 

R.24 

R.RR 

0.00 

S.NRI 

0.00 

9.99 

0.00 

9.99 

R.RR 

9.99 

0.00 

R.  IN 

CR.S41 

R.21 

IjM 

0.00 

0.00 

OAT  2. RRI 

9.99 

R.RR 

9.99 

9.99 

R.RR 

9.99 

R.2S 

CR.2SJ 

R.27 

R.RS 

R.RS 

R.RS 

R.RS 

l.l0« 

9.99 

R.RR 

R.RR 

R.RS 

R.RS 

R.  12 

CR.1N3 

R.17 

0.00 

R.RR 

R.RR 

R.RR 

0.00 

l.2*i 

9.99 

R.RS 

9.99 

R.RR 

R.  42 

CR.SR1 

R.  IS 

R.RR 

9.99 

R.RS 

R.RR 

9.99 

0.00 

I.RRi 

9.99 

9.99 

9.99 

R.ll 

CR.lll 

S.2* 

i.n 

R.RR 

R.RR 

R.RS 

R.RS 

9.99 

0.00 

1/41 

9.99 

R.RS 

R.ZR 

CR.M1 

R.RS 

R.RS 

R.RS 

R.RS 

R.RS 

R.RS 

R.RS 

R.RR 

9.99 

l/2i 

9.99 

0.11 

CR.TRI 

0.11 

R.RR 

Rj^ 

R.RS 

9.99 

9.99 

R.RS 

R.RS 

0.00 

R.RR 

I/4t 

9.99 

CR.7S1 

R.IR 

9.99 

I.W 

R.RR 

R.RR 

R.RS 

R.RS 

R.RS 

R.RR 

0.00 

R.RR 

<1/41 

CR.Stl 

R.ll 

R.RR 

9.99 

R.RR 

R.RR 

R.RS 

R.RS 

R.RR 

R.RR 

R.RS 

R.RR 

R.RS 

<1/4 

1/4 

1/2 

1/4 

I.SR 

I.2S 

I.SR 

2.  SR 

2.  SR 

l.RS 

4 

S 

>• 

RUNS 


TOTALS! 

0 

IS 

• 

S 

S 

t 

s 

14 

12 

24 

IS 

IS 

SIS 

>*• 

RS 

RR 

RR 

RS 

R.RR 

RS 

0 

RR 

RS 

R 

RS 

R.RS 

R.ll 

.2* 

CR.SS1 

Si 

00 

RS 

00 

00 

R.RR 

00 

0 

00 

00 

04 

00 

R.RR 

R.ll 

CR 

IS] 

R.RI 

4« 

90 

RR 

RS 

RR 

R.RS 

00 

R 

00 

RR 

Rjl7 

R.2S 

IS. S3] 

.IS 

R.RS 

I.RRI 

00 

RR 

RR 

00 

R.RR 

00 

0 

00 

00 

0 

2S 

CR.291 

R.21 

.00 

9.99 

2. SRI 

RS 

RR 

RR 

RR 

R.RR 

00 

0 

00 

21 

CR 

111 

R.17 

R.Rt 

00 

9.99 

2.RRI 

00 

RR 

RR 

00 

R.RR 

00 

0 

22 

C0 

S4I 

0 

2S 

0.00 

0.00 

00 

9.99 

l.SRi 

RR 

RS 

00 

00 

SR 

(R 

441 

R7 

0 

00 

0JW 

0.00 

00 

9.99 

1 .2*1 

00 

00 

00 

00 

R.17 

C0 

201 

0 

22 

0.07 

0 

00 

0.00 

0.00 

00 

9.99 

1 .001 

00 

00 

00 

00 

CR.  371 

20 

0 

00 

00 

0 

00 

0.00 

R.RR 

00 

9.99 

3/48 

RR 

00 

00 

(R 

SRI 

R.RR 

00 

0.11 

00 

0 

00 

0.00* 

0.00 

00 

0.00 

l/2i 

RR 

00 

(i 

RRI 

2R 

00 

0.00 

00 

• 

00 

0.00 

0.00 

.00 

•  0.00 

1/48 

00 

u 

Rfll 

RR 

00 

0.00 

00 

0 

00 

00 

0 

00 

Ml 

0.00 

.00 

0.00 

<1/48 

(R 
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TABLE  5-15.  SCATTER  TABLE:  7/  9  -  7/16:  FOG- 15  (SN  003)  versus  lOOO-FOOT  RVR  500 
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symmetrically  placed  (Figure  4-2)  along  the  1000-foot  baseline. 
Surprisingly,  averaging  the  two  sensors  together  produced  more 
consistent  improvement  in  the  slowly  varying  events  than  in  the  rapidly 
varying  ones.  Apparently  the  spatial  variation  was  so  great  for  the 
rapidly  varying  events  that  more  than  two  sensors  would  be  required  to 
equal  the  averaging  of  the  transmissometer,  even  for  ten-minute 
averaging  times.  Figure  5-24  shows  how  much  the  visibility  can  differ 
between  the  FOG- 15  and  the  1000-foot  RVR-500  for  the  most  rapidly 
varying  events  observed,  which  were  due  to  ground  fog. 

5.4.3  Calibration  Stability 

A  number  of  fog  events  were  examined  both  at  the  beginning  and  end 
of  the  test  period  to  determine  the  stability  of  the  FOG-15  calibration. 
In  general  the  fog  response  over  a  four-month  period  remained  consistent 
to  within  about  ten  percent.  On  some  occasions  the  nonlinearity  of  the 
response  was  somewhat  less  than  that  used  to  calibrate  Event  #1  on  June 
16-17.  On  one  occasion  (June  19-20  hours:  19-4)  the  low  extinction 
response  reverted  to  its  usual  value,  a  factor  of  1.3  lower  than  assumed 
in  the  nonlinear  response.  This  time  period  covers  afternoon  to  the 
middle  of  the  night.  Most  of  the  other  fog  events  examined  cover  from 
the  middle  of  the  night  until  mid-morning.  This  difference  in  response 
for  different  time  periods  is  probably  the  effect  of  sunlight  (see 
Section  6.2). 

5.4.4  Response  To  Rain  and  Snow 

An  extensive  study  of  the  FOG- 15  and  EG&G  207  response  to  rain  and 
snow  was  prepared  for  a  preliminary  report  on  this  project.  Only  data 
from  earlier  FOG-15  versions  were  included.  Figure  5-25  shows  the  slope 
of  the  response  relative  to  the  500-foot  transmissometer  for  a  number  of 
events.  The  forward-scatter  meters  were  calibrated  to  give  agreement 
with  the  transmissometers  in  fog  and  the  calibration  appeared  to  remain 
stable  over  the  time  period  examined.  The  events  were  selected  to  avoid 
contamination  of  the  rain  and  snow  with  fog  as  much  as  possible  and  to 
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have  good  correlation  between  the  two  sensors.  The  rain  response  is 
consistently  higher  by  a  factor  greater  than  1.5.  The  snow  response  was 
generally  somewhat  lower  than  or  the  same  as  the  fog  response. 

Few  candidate  fogless  rain  events  were  identified  in  the  spring 

tests.  Figure  5-26  shows  one  event  where  rain  and  fog  occurred.  The 
slope  for  one  period  was  a  factor  of  1.5  higher  than  the  other  period, 
perhaps  reflecting  the  difference  between  rain  and  fog. 

5.4.5  Calibration  of  Earlier  Instruments 

Figure  5-27  shows  extinction-coefficient  scatter  plots  comparing  an 
earlier  version  of  the  FOG- 15  to  the  500-foot  RVR  500  using  the  new 
nonlinear  calibration  for  the  FOG- 15.  Instead  of  straightening  out  the 
response  as  in  Figures  5-20  and  5-21 ,  the  new  calibration  generates  a 

break  in  the  response  curve.  The  break  in  the  response  if  any  should  be 

below  10  lO'^m”1  rather  than  at  38*5  lO'^m^as  in  the  current 

calibration. 

In  this  respect  the  response  of  the  earlier  instrument  is  more  like  the 
EGAG  207  which  tends  to  show  a  low  extinction  nonlinearity. 

5.5  ARTA1S  INTERFACES 

The  reports  from  the  Artais  AWOS  generally  agreed  with  the  Otis 
tower  surface  observations  (SA's).  Table  5-16  compares  the  temperature, 
dew  point,  and  winds  for  one  day  in  June.  The  Artais  altimeter  setting 
was  never  properly  set  up  and  is  not  included  in  Table  5-16.  Table  5-17 
compares  the  visibility  and  cloud  reports  from  the  AWOS  to  all  the 
surface  observations  for  the  same  period  of  time  as  Table  5-16.  This 
period  (including  Event  #1)  was  selected  for  analysis  because  both 
cellometer  data  and  the  Artais  reports  were  recorded  on  magnetic  tape. 

Large  differences  in  reported  visibility  are  noted  in  Table  5-16 . 
At  high  visibility  the  low  AWOS  reports  are  caused  by  the  100-percent 
error  of  the  RW-700  which  was  about  13  percent  at  this  time.  The  human 
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TABLE  5-16.  COMPARISON  OF  AWOS  OUTPUT  TO  SURFACE  OBSERVATIONS 
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TABLE  5-17.  COMPARISONS  OP  AWOS  VISIBILITY  AND  CLOUD  REPORTS  TO  HUMAN  REPORTS 
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observations  are  lower  in  dense  fog  probably  because  the  tower  height 
(96  feet)  has  a  higher  fog  density  than  the  ground. 

The  AWOS  oloud  reports  in  Table  5—1 8  generally  agree  with  the  human 
observations.  The  following  differences  are  noted: 

1)  The  AWOS  reports  are  simpler,  listing  fewer  layers. 

2)  The  AWOS  ceilings  tend  to  be  lower. 

3)  The  AWOS  eeilometer  measures  cloud  layers  where  the  human 
reports  "obscured." 

4)  The  AWOS  reports  variable  ceiling  too  often. 

5)  Sometimes  the  detailed  reports  differ  significantly  in  cloud 
cover. 

These  effects  are  due  to  various  sources  including  the  separation 
between  the  tower  and  the  test  site  (effect  5),  the  properties  of  the 
eeilometer  (effects  2,3),  and  errors  in  the  reporting  algorithm  (effects 
2,4).  The  eeilometer  tends  to  report  nonexistent  low  clouds  when  the 
visibility  is  low,  thus  leading  to  effects  2  and  3. 

5.5.1  Ceilometer 

The  NWS  cloud  layer  reporting  algorithm  was  programmed  in  FORTRAN 
for  use  in  comparing  the  Artais  reports  to  the  reports  generated  by 
computation  from  the  ceilometer  hit  data.  The  description  of  the  NWS 
cloud  layer  algorithm  contains  some  ambiguities.  When  ambiguities 
arose,  the  selection  of  parameters  was  made  to  give  results  similar  to 
those  of  Artais.  Table  5-1 8  compares  the  aomputed  reports  (CMP 1-3)  with 
the  Artais  report  (WEAT)  for  seleoted  periods  of  time.  Three  computed 
values  are  generated.  CMP1  uses  all  the  LD-WHL  data  (every  15  seconds). 
CMP2  and  CMP3  use  every  other  data  report  as  is  used  by  Artais.  One 
would  expect  either  CMP2  or  CMP 3  to  agree  with  Artais  since  one  of  them 
should  be  using  the  same  data.  There  is  usually  little  difference  among 
the  three  computed  reports.  The  NWS  cloud  layer  algorithm  analyzes  the 
last  30  minutes  worth  of  data.  The  reports  in  Table  5-18  are  listed 
every  5  minutes. 


TABLE  5-18 


COMPARISON  OF  AWOS  CLOUD  REPORTS  TO  COMPUTED  REPORTS 


4/14/82  10:24:00  on:  CLR  BLO  SO 

0925  CLI  OLO  so 

cm:  cut  BLO  so 

meat:  cut  no  50 

4/14/82  10:31:00  091*.  FEU  cuts  42 

cm:  cut  no  so 

cm:  cut  no  so 

UE«r:  41  SCT 

4/14/82  10:34:00  Ofi:  42  SCT 

an:  42  sct 

093:  42  SCT 

BEAT:  41  SCT 


4/14/82  12:31:00  cm:  cut  no  so 

an:  cut  no  so 

0*3:  cut  no  so 

heat:  cut  no  so 

4/14/82  12:34:00  cm:  FEU  cuts  13 

cm:  cut  no  so 

cm:  cut  no  so 

heat:  FBI  cuts  12 

4/14/82  13:  1:00  on:  FEU  008  13 

an:  cut  no  so 

cm:  13  sct 

heat:  feu  cuts  12 

4/14/82  13: 4:00  cm:  12  sct 

cm:  12  sct 

cm:  12  sct 

heat:  12  SCT 

4/14/82  13:11:00  cm:  12  SCT 

cm:  12  sct 

cm:  12  sct 

heat:  11  sct 


4/14/82  13:34:00  cm:  13  SCT 

cm:  13  sct 

cm:  13  sct 

MEAT*  12  SCT 

4/14/82  14:  1:00  cm:  13  SCT 

cm:  13  scr 

cm:  13  sct 

MEAT*  12  SCT 

4/14/82  14: 4:00  cm:  14  sct 

cm:  14  sct 

MP3:  14  SCT 

heat:  13  SCT 


4/14/82  14:13:00  CKPi:  11  SMI 

cm:  10  But 

cm:  11  Bat 

HEAT:  H9  BXM  12  BXN  CIS  9  V  11 

4/14/82  14:18:00  cm:  10  BQI 

cm:  10  bqi 

cm:  10  But 

heat:  no  bkn  12  skn  ci6  o  v  u 

4/14/82  14:23:00  cm:  10  Bot  not  vttn  ovc 

cm:  10  not  Botvcnooc 

cm:  10  ovc  ovc  wn  nut 

heat:  m  not  cm  0  v  11 
4/14/82 '  14:28:00  cm:  10  ovc 

cm:  10  ovc  ovc  vttn  wot 

mp3:  o  ovc 

heat:  hb  sot  u  auc  as  7  v  10 

4/14/82  14:33:00  MP1J  9  OVC 

cm:  9  ovc 

cm:  9  ovc 

heat:  no  ovc  as  7  v  10 


4/14/82  14:3S:OOMPi:  9  ovc 

cm:  9  ovc 

cm:  9  ovc 

heat:  nb  ovc  cib  7  v  10 

4/14/82  14:43:00  CHPi:  8  OVC  HUt  QJS  VSI 

cm:  8  ovc 

cm:  s  ovc  hir  cuts  vsi 

heat:  N7  ovc  us  7  v  9 


4/14/82  19U3:00  MPi:  3  OVC 

cm:  s  ovc 

cm:  s  ovc 

heat:  im  ovc  cis  4  v  4 

4/14/82  19:48100  CHPI :  -  3  OVC 

cm:  s  ovc 

093:  3  ovc 

heat:  no  ovc  ci6  4  v  4 

4/14/82  i?:s3:oo  cm:  s  ovc 

cm:  s  ovc 

093:  s  ovc 

heat:  H4  ovc  cts  4  v  4 

4/14/82  19:ss:00  091 :  3  ovc 

cm:  3  ovc 

093:  3  ovc 

heat:  ha  ovc  ci6  4  v  4 
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TABLE  5-18 »  (continued) 


_  4/14/82 

21: 3:00  cm: 

4  ovc 

1  ' 

an: 

4  ovc 

10 

an: 

4  ovc 

>S 

heat: 

M3  OVC  CIO  2  V  3 

jS  4/14/82 

21:  s:oo  am: 

4  OVC 

K 

an: 

4  OVC 

093: 

4  OVC 

I 

heat: 

H3  OVC  CIS  2  V  3 

a/m/82  21:13:00  an:  4  ovc 

an:  4  ovc 

on:  4  ovc 

heat:  N2  in  3  ovc  crfi  2  v  4 
a/m/82  21:11:00  an:  3  ovc 

an:  3  ovc 

on:  3  ovc 

HEAT:  N2  ovc  CIS  2  V  4 


4/14/82  2i:s3:ooan:  3  ovc 

an:  3  ovc 

an:  love 

meat:  ib  ovc  cis  2  v  4 
4/14/82  2i:s8:ooan:  3  ovc 
an:  3  ovc 

an:  3  ovc 

seat:  m2  ovc  cis  2  v  4 
4/14/82  22: 3:00  an:  2  ovc 

an:  2  ovc 

an:  2  ovc 

heat:  is  ovc  no  2  v  4 


HIR  CLDS  V$| 
HUCLOS  VSI 
HIR  CL0S  VSI 


4/14/82  21:39:00  an: 

am 

an: 

heat: 

yum  23:44:00  cm: 

am 

an: 

heat: 

a/14/82  23:49:00  cm: 

an: 

an: 

heat: 


-x  2  ovc 
•I  2  ovc 

-X  2  OVC 

•x  n  avc  cis  1  v  2 

•X  2  OVC 
-X  2  ovc 
-I  2  OVC 

-x  m  ovc  cis  1  v  2 

-X  2  OVC 
•X  2  OVC 
-X  2  CMC 
-X  HI  OVC  CIS  1  V  2 


4/17/82 


4/17/82 


4/17/82 


4/17/82 


4/17/82 


4/17/82 


4/17/82 


4/17/82 


4/17/82 


4/17/82 


4/17/82 


4/17/82 


4/17/82 


1:14:00  cm:  -x  1  ovc 
an:  -x  1  ovc 
an:  -x  1  avc 
heat:  -x  hi  ovc 
1:19:00  an:  -x  1  ovc 
an:  -x  1  ovc 
an:  -x  1  ovc 
heat:  -x  m  ovc 


4/17/82 


4/17/82 


2:24:00  cm: 

-X  1  OVC 

an: 

-X  1  OVC 

093: 

-X  1  ovc 

heat: 

-X  HI  OVC  CIS  1  V  2 

2:29:00  am: 

1  ovc 

an: 

1  OVC 

093: 

I  OVC 

heat: 

HI  OVC  CIS  1  V  3 

2:34:00  an: 

2  OVC  HIR  CLDS  VS8 

an: 

2  OVC  HIR  CLDS  VSD 

093: 

2  OVC  HIR  CLDS  VSD 

heat: 

HI  OVC  CIS  1  V  3 

2:39:00  09i : 

2  BKH  3  BXN 

on: 

2  BKN  3  BXN 

093: 

2  BKN  3  BKN 

heat: 

HI  BKN  4  BKN  CIS  1  V  3 

2:44:00  09i: 

2  BKN  3  BXN 

an: 

2  BXN  5  BKN 

093: 

2  BKN  3  BKN 

heat: 

2:49:00  09i : 

2  SCT  3  SCT 

an: 

2  SCT  3  SCT 

093.* 

2  SCT  3  SCT 

heat: 

1  SCT  4  SCT 

2:34:00  chri: 

3  SCT 

am 

3  SCT 

an: 

2  SCT  3  SCT 

heat: 

1  SCT  4  SCT 

2:39:00  chpi  : 

3  SCT 

an: 

3  SCT 

093.' 

3  SCT 

heat:  ; 

3  SCT 

3:39:00  an: 

2  SCT  7  SCT 

an: 

2  SCT  3  SCT 

an: 

2  SCT  3  SCT 

heat:  1  sct  4  sct 

3:44:00  chpi : 

2  BKN  4  BKN  7  BKN  IKNVR8L 

an: 

2  BKN  3  BKN  BKN  VRBL  SCT 

093: 

2  BKN  3  BXN 

heat:  hi  bxn  4  bkh  cis  1  v  3 

3:49:00  chpi: 

2  BXN  4  BXN  7  BKN 

an: 

2  BXN  3  BXN 

an: 

1  BKN  4  BKN 

HEAT:  HI  BKN  4  BKN  CIS  1  V  3 

3:34:00  an:  1  ovc 

on:  1  ovc  hir 

on:  1  ovc  ovc 

heat:  hi  bkk  4  ovc  ci6  1  v  3 

3:39:00  an:  -x  1  ovc 

on:  -x  t  ovc 

093:  -x  1  ovc 

heat:  -x  hi  ovc  cis  1  v  3 


OVC  VRK.  BKN 
HIR  CLDS  VSI 
OVC  VRU  m 


TABLE  5-18. (continued) 


i/17/12  4:24:01  on:  2  aw  awcmwc 
0*2:  2  aw  an  vta.  ox 

on:  2  aw  aw  ca.  wc 

cat:  ri  aw  cis  1  v  3 
i/17/12  i!2f:00  0*1:  2  KOI 

on:  2  an 

0*3:  2  KM 

cat:  u  m  cii  1  v  3 

i/17/12  4134100  0*1!  2  W  M  VWL  SCT 

0*21  2  SCT 

0*31  2  SOI 

cat:  1  vr 

i/17/12  ilIVlOO  0*1:  2  SCT 

0*2:  2  SCT 

0*11  2  XT 

CAfl  2  SCT 

i/17/S2  4:44:»0  0*i:  2  SCT 

0*21  2  XT 

0*11  2  SCT 

CAT!  2  SCT 

i/17/12  ilOflOO  0*11  2  SCT  Of  SCT 

0*21  2  SCT  Of  SCT 

0*31  2  SCT  Of  SCT 

cat:  2  kt 

i/17/12  4134:00  0*11  Of  SCT 

0*21  Of  SCT 

0*31  2  SCT  Of  SCT 

CAT:  2  SCT  41  SCT 
i/17/32  AiSflOO  0*i:  41  SCT 

0*21  01  SCT 

0*31  41  SCT 

CAT!  47  SCT 

i/17/12  71  4100  0*1!  47  SCT 

0*21  47  SCT 

0*31  47  SCT 

CAT!  43  SCT 

i/17/12  7UO:00  0*i:  47  *» 

0*2:  47  aw  aw  ca.  sct 

0*3:  47  aw 

cat:  ms  aw  aw  v  sct 

i/17/12  7iif:oo  o*i:  47  aw  wm  ca.  sct 

0*21  47  SCT 

0*3:  47  aw 

cat:  ims  aw  aw  v  sct 
4/17/12  7:24:00  0*i:  44  SCT 

0*2:  44  SCT 

0*3:  2  sct  4i  aw  aw  ca.  sct 

CAT:  2  SCT  44  sct 

i/17/12  712f:00  0*1:  2  SCT  44  SCT 

0*2:  2  SCT  44  SCT 

0*3:  2  sct  44  aw  aw  ca.  xt 

cat:  2  sct  44  sct 


i/17/12  7:34100  0*1:  2  XT  44  aw  Ml  WUL  SCT 

0*2:  2  SCT  44  SCT 

0*3:  2  sct  44  aw  aw  m  xt 

cat:  2  sct  5  sct  H44  aw  aw  v  sct 

4/17/82  713*100  0*11  2  XT  45  SCT 

0*21  2  SCT  45  SCT 

0*31  2  SCT  44  SCT 

CAT*.  2  SCT  5  SCT  44  SCT 
4/17/82  7144100  0*11  2  SCT  44  SCT 

0*2:  2  SCT 

0*3:  2  SCT  44  SCT 

CAT:  2  SCT  3  SCT 

i/17/82  7:4f:00  Q*i:  2  SCT 

0*21  2  SCT 

0*3:  2  SCT 

CAT:  2  SCT  3  SCT 

i/17/82  7:sa:oo  0*1 :  2  sct 

0*21  2  SCT 

0*3:  2  SCT 

CAT:  2  SCT  3  XT 

i/17/32  *:  i:oo  0*1 :  2  aw  aw  m.  sct 

0*21  2  aw 

o*3:  2  aw  aw  wx  scr 

cat:  l  sct  e  aw  ciB  s « 7 

4/17/32  31  4101  0*11  2  SCT 

0*2:  2  aw  aw  ca.  sct 

0*3:  2  SCT 

cat:  i  sct 

i/17/32  b:u:oo  o*i:  2  scr 

o*2i  2  aw  aWCILSCT 

0*3:  2  SCT 

cat:  ni  aw  cis  1  v  3 
i/17/32  8:u:oo  o*i:  2  sct 

0*2:  2  aw  aw  ca.  sct 

0*3:  2  XT 

cat:  iu  aw  cis  1 « 3 
i/17/82  8:21:000*1:  2  SCT 

0*2:  2  aw  aw  m  xt 

0*3:  2  XT 

cat:  1  sct 

4/17/82  s:3i:00  0*1:  41  SCT 

0*2:  41  SCT 

0*3:  41  SCT 

CAT:  40  XT 

4/17/82  f:  1:00  0*15  41  SCT 

0*2:  41  SCT 

0*3:  41  SCT 

CATS  If  XT  40  sct 

4/17/82  f:  4:00  0*1:  If  SCT  41  XT 

0*2:  if  SCT  41  SCT 

0*3:  if  XT  41  XT 

CAT:  17  XT  40  SCT 
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TABLE  5-18.  (concluded) 


\0.-s 
•  .  •  < 


«■ 

4/17/82 

9tii:oo  on:  ii  sa  4i  nw 

4/17/82 

12!S2!00  091 

:  -x  i  ovc 

P 

1  ' 

092!  18  SCT  41  BKX 

092 

:  -1  1  ovc 

093!  18  SCT  41  BUM  8X8  VUL  SCT 

093 

:  -x  1  ovc 

1  . 

UCAT!  14  SCT  28  SCT  MO  MM 

HEAT 

:  -x  hi  ovc  ci6 1  v  2 

1 

9:14:00  091!  17  SCT  41  MM 

4/17/82 

12:57:00  091 

:  -x  1  ovc 

092!  17  SCT  41  BM 

092 

:  -x  1  ovc 

093:  17  MM  41  1XN  MM  VR8L  SCT 

093 

J  -X  1  ovc 

■ 

1 

MEAT:  15  SCT  If  SCT  H40  MM 

HEAT 

:  -x  hi  ovc 

«v. 

4/17/82 

9:21:00  09i:  2  SCT  19  MM  14  SCT 

4/17/82 

13:  2:00  091 

:  -x  1  ovc 

:V, 

0921  14  SCT  19  MM  41  MM 

092 

:  -x  1  ovc 

s 

093:  2  SCT  14  MM  20  MM  MMVRBLSCT 

093 

:  -x  1  ovc 

V 

HEAT:  14  SCT  N19  MM  41  MM  CIS  19  V  22 

HEAT 

:  -x  hi  ovc 

;•  «  • 

4/17/82 

9:24:00  09i:  2  SCT  14  MM  19  OVC  QVC  V8BL  MM 

4/17/82 

13:  7:00  091 

:  -x  1  ovc 

if 

092:  2  SCT  14  MM  41  OVC  MMVR8L0VC 

092 

-X  1  ovc 

0931  2  SCT  14  MM  20  OVC 

093 

-X  1  ovc 

>■  •. 

HEAT:  H14  MM  19  MM  CIS  13  V  18 

HEAT 

•X  HI  OVC 

.V* 

4/17/82 

9131100  Q9i:  2  SCT  14  MM  19  OVC  MMVMLQVC 

4/17/82 

13:12:00  091 

-X  1  ovc 

0921  2  SCT  14  MM  19  OVC  MMVR1L0VC 

092! 

•X  1  ovc 

„• » 

•  •* 

093:  2  SCT  14  OVC  HI*  008  VS8 

093! 

•X  1  ovc 

HEAT:  1  SCT  N14  OVC  CIS  13  V  18 

heat: 

•X  HI  OVC 

pB 

4/17/82 

9134:00  09i:  -X  2  MM  IS  OVC  MM  VOL  SCT 

4/17/82 

13:17:00  091! 

-X  1  OVC 

092*.  -X  2  SCT  IS  OVC 

092: 

-X  1  wc 

*- .v 

093:  -X  2  MM  IS  OVC  MM  VML  SCT 

093: 

-X  1  ovc 

HEAT:  -X  1  SCT  H14  OVC  CIS  13  V  17 

heat: 

-X  HI  OVC 

■>$• 

4/17/82 

9:41:00  09i:  -X  2  MM  IS  OVC  . 

4/17/82 

13:22:00  09i: 

•X  1  ovc 

092:  -X  2  MM  IS  OVC 

B97: 

-X  1  ovc 
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The  frequent  Artais  reports  of  variable  ceiling  are  due  to  a 
programing  error  which  was  identified  last  winter  but  not  corrected  in 
the  software  used  in  the  tests.  The  Artais  reports  are  biased  toward 
lower  ceilings  because  of  round-down  errors,  as  was  noted  in  NWS 
software  tests  at  the  factory.  Apart  from  these  observations,  the 
Artais  reports  generally  agree  with  the  computed  values.  An  examination 
of  the  details  of  the  computer  processing  showed  that  the  differences 
arise  when  the  measurements  are  near  a  breakpoint  in  the  report. 

5.5.2  Visibility  Sensors 

The  RW-700  computer  is,  strictly  speaking,  incompatible  with  the 
NWS  visibility  reporting  algorithm.  The  algorithm  calls  for  a  10-minute 
average  of  measured  values  while  the  computer  puts  out  the  reporting 
value  for  a  45-second  average.  The  resolution  of  the  RW-700  values  is 
thus  rather  coarse.  Earlier  NWS  reporting  algorithms  called  for 
averages  of  extinction  coefficient.  The  current  algorithm  calls  for  a 
one-minute  average  of  extinction  coefficient,  conversion  to  visibility, 
and  then  a  10-minute  average  of  visibility.  The  coarseness  of  the  RW- 
700  values  and  the  choice  of  extinction  coefficient  or  visibility  to 
average  has  little  effect  on  the  resulting  visibility  report,  as  will  be 
illustrated  using  an  event  with  rapid  changes  in  visibility  (shown  in 
Figures  5-28,  29,  30).  Figure  5-28  compares  the  visibility  based  on  an 
extinction  coefficient  average  of  RW-700  computer  data  to  that  based  on 
RW-700  raw  data.  Instead  of  the  steps  shown  in  Figures  5-16,  17,  these 
plots  show  reasonable  agreement.  The  coarseness  of  the  resolution  is 
lost  when  the  data  are  averaged.  Figure  5-29  shows  the  results  of 
converting  the  RW-700  computer  average  to  reporting  values.  The  final 
reporting  values  show  clean  breaks  with  respect  to  the  raw  data.  Thus, 
the  RW  700  interface  introduces  no  significant  errors  into  the 
visibility  reports.  Figure  5-30  compares  the  results  of  averaging 
visibility  to  that  of  averaging  extinction  coefficient  for  the  same 
event  of  Figures  5-28,  29.  The  method  of  averaging  makes  little 
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FIGURE  5-28.  COMPARISON  OF  RW-700  COMPUTER  OUTPUT  TO  RW-700  RAW  DATA,  AVERAGED 

FOR  10  MINUTES. 
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FIGURE  5-29.  COMPARISON  OF  REPORTING  VALUES  ACCORDING  TO  THE  ARTAIS  ALGORITHM 

TO  THE  RAW  DATA. 
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FIGURE  5-30.  COMPARISON  OF  VISIBILITY  AVERAGING  TO  EXTINCTION  COEFFICIENT 

AVERAGING  FOR  R.W-700  COMPUTER  DATA. 


The  test  for  the  accuracy  of  the  Artais  Interface  (and  reporting 
algorithm)  for  the  RW-700  and  FOG- 15  is  3hown  in  Tables  5-19  through  5- 
22  which  compare  the  Artais  reports  to  reports  based  on  a  10-minute 
average  of  the  raw  sensor  visibility  value.  Two  periods  of  time  are 
covered.  The  values  in  these  tables  differ  from  the  earlier  scatter 
tables  in  that  the  ten-minute  averages  are  compared  every  minute.  The 
data  points  are  therefore  not  independent  as  they  are  in  the  previous 
scatter  tables  where  non-overlapping  averages  were  used. 

The  RW-700  reports  gave  reasonable  agreement  during  both  time 
periods.  However,  there  was  a  consistent  tendency  to  report 
visibilities  higher  than  those  expected  from  the  raw  data.  This 
overestimate  of  visibility  may  be  related  to  an  observed  asymmetry  in 
the  time  required  for  the  Artais  report  to  follow  changes  in  the  RW-700 
report.  The  Artais  report  followed  increases  in  visibility  in  2  or  3 
minutes  while  6  or  7  minutes  were  required  to  follow  decreases  in 
visibility.  This  asymmetry  is  the  reverse  of  Artais'  stated  intention 
of  following  visibility  decreases  more  rapidly  than  increases.  This 
difference  in  response  would  lead  to  a  bias  toward  higher  visibility  as 
is  observed  in  Tables  5-19  and  5-21.  This  effect  is  most  likely  due  to 
software  rather  than  the  interface.  The  correct  readings  of  the  RW-700 
computer  bits  was  verified  by  displaying  them  on  the  Artais  processor 
display. 

The  FOG-15  reports  showed  less  satisfactory  agreement  than  chose  of 
the  RW-700.  The  most  notable  defect  is  the  absense  of  daytime  reports 
below  1/4  mile  and  nighttime  reports  below  1/2  mile.  This  absense  could 
be  due  to  a  saturation  in  the  frequency  to  voltage  converter  of  the 
interface.  The  second  disagreement  between  the  Artais  reports  and  the 
raw  sensor  reports  is  different  for  the  two  time  periods.  During  the 
June  period  (Table  5-20)  the  Artais  report  tended  to  read  high  for 
visibilities  above  1  mile.  On  the  other  hand,  the  July  period  (Table  5- 
22)  shows  the  Artais  report  reading  low.  Between  the  periods  the 
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TABLE  5-19-  COMPARISON  OF  ARTAIS  VISIBILITY  REPORTS  TO  RAW  DATA  REPORTS: 

RW-700,  6/18-6/23 

18JUW2  OTIS  CHIDAS  VISIBILITY  DISTRIBUTIONS  10  MINUTE  AVERAGES  VERSUS  ARTAIS  P. 

RW-700  VISIBILITY  0.00 


ARTAIS*. 

0.00 

0.25 

0.30 

0.75 

1.00 

1.23 

1.30 

1.75 

2.00 

2.30 

3.00 

3.50 

4.00 

5.00 

4.00 

ALL 

NUMBER 

429 

113 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

344 

PERCENT 

79 

21 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

100 

RW-700  VISIBILITY  0.25 

ARTAIS: 

0.00 

0.23 

0.30 

0.73 

1.00 

1.23 

1.30 

1.75 

2.00 

2.30 

3.00 

3.50 

4.00 

5.00 

4.00 

ALL 

NUMBER 

0 

358 

101 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

440 

PERCENT 

0 

78 

22 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

100 
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0.00 
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0.30 

0.73 
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1.23 
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3.30 

4.00 

5.00 

4.00 
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0 

2 

274 

42 

3 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

322 

PERCENT 

0 

1 

83 

13 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

100 

RW-700  VISIBILITY  0.75 

ARTAIS:  0.00  0.23  0.30  0.73  1.00  1.23  1.30  1.75  2.00  2.30  3.00  3.30  4.00  5.00  4.00  All 

NUMBER  0  0  2  91  33  2  0  1  0  0  0  0  0  0  0  129 

PERCENT  00271  24  2010000000  100 


RW-700  VISIBILITY  1.00 

ARTAIS!  0.00  0.23  0.30  0.73  1.00  1.23  1.30  1.73  2.00  2.30  3.00  3.30  4.00  5.00  4.00  ALL 

NUMBER  0  0  0  3  30  17  2  0  1  0  1  0  0  0  0  74 

PERCENT  0  0  0  4  48  23  3  0  1  0  1  0  0  0  0  100 


RW-700  VISIBILITY  1.23 

ARTAIS:  0.00  0.23  0.30  0.73  1.00  1.23  1.30  1.73  2.00  2.30  3.00  3.30  4.00  5.00  4.00  ALL 

NUMBER  0  0  0  1  4  30  12  0  2  0  0  1  0  0  0  70 

PERCENT  0  0  0  1  4  71  17  0  3  0  0  1  0  0  0  100 


RW-700  VISIBILITY  1,50 

ARTAIS:  0.00  0.23  0.30  0.73  1.00  1.23  1.30  1.73  2.00  2.50  3.00  3.50  4.00  5.00  4.00  ALL 

NUMBER  0  0  0  0  2  1  37  17  4  2  0  0  0  0  1  44 

PERCENT  00003238274300002  100 


RW-700  VISIBILITY  1.75 

ARTAIS!  0.00  0.23  0.30  0.75  1.00  1.23  1.50  1.73  2.00  2.50  3.00  3.30  4.00  3.00  4.00  ALL 


TABLE  5-19.  (concluded) 


OTIS  OUDAS  VISIBILITY  DISTRIBUTIONS  10  MINUTE  AVERAGES  VERSUS  ARTAIS  P. 
RW-700  VISIBILITY  2.00 
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0.00 

0.23 
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0.00 
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0.00 
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429 
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TABLE  5-20  COMPARISON  OF  ARTAIS  VISIBILITY  REPORTS  TO  RAW  DATA  REPORTS : 

FOG- 15,  6/18-6/23 

18JUN82  OTIS  OfIDAS  VISIBILITY  DISTRIBUTIONS  10  MINUTE  AVERAGES  VERSUS  ARTAIS  P.  3 

FOG-13  VISIBILITY  0.00 

ARTAIS:  0.00  0.23  0.30  0.73  1.00  1.23  1.30  1.75  2.00  2.50  3.00  3.50  4.00  3.00  6.00  ALL 

NUMBER  0  204  129  0  0  0  0  0  0  0  0  0  0  0  0  333 

PERCENT  0  41  39  0  0  0  0  0  0  0  0  0  0  0  0  100 

F06-1S  VISIBILITY  0.23 

ARTAIS!  0.00  0.23  0.30  0.73  1.00  1.23  1.30  1.75  2.00  2.30  3.00  3.50  4.00  5.00  4.00  ALL 

NUMBER  0  109  419  0  0  0  0  0  0  0  0  0  0  0  0  528 

PERCENT  021  79  0  0  0  0  0  0  0  0  0  0  0  0  100 


F06-1S  VISIBILITY  0.30 

ARTAIS!  0.00  0.23  0.50  0.73  1.00  1.23  1.30  1.75  2.00  2.30  3.00  3.50  4.00  3.00  4.00  ALL 

NUMBER  0  20  348  14  1  0  0  0  0  0  0  0  0  0  0  403 

PERCENT  03  91  300000000000  100 


F06-1S  VISIBILITY  0.73 

ARTAIS:  0.00  0.23  0.30  0.73  1.00  1.23  1.30  1.73  2.00  2.30  3.00  3.30  4.00  3.00  4.00  AIL 

NUMBER  0  0  24  93  7  1  0  0  0  0  0  0  0  0  0  123 

PERCENT  00  19  74  4  1  0  0  0  0  0  0  0  0  0  100 


F06-13  VISIBILITY  1.00 

ARTAIS4.  0.00  0.23  0.30  0.73  1.00  1.23  1.30  1.73  2.00  2.30  3.00  3.30  4.00  5.00  4.00  ALL 

NUMBER  0  0  0  4  83  16  0  0  0  0  0  0  0  0  0  107 

PERCENT  0  0  0  6  79  13  0  0  0  0  0  0  0  0  0  100 


FOO-15  VISIBILITY  1.23 

ARTAIS:  0.00  0.23  0.30  0.73  1.00  1.23  1.30  1.73  2.00  2.30  3.00  3.50  4.00  5.00  6.00  ALL 

NUMBER  0  0  0  0  7  46  46  0  0  0  0  0  0  0  0  119 

PERCENT  0  0  0  0  6  53  39  0  0  0  0  0  0  0  0  100 


F06-15  VISIBILITY  1,30 

ARTAIS!  0.00  0.23  0.30  0.73  1.00  1.23  1.30  1.73  2.00  2.30  3.00  3.30  4.00  3.00  4.00  ALL 

NUMBER  0  0  0  0  0  4  69  34  12  0  0  0  0  0  0  121 

PERCENT  0  0  0  0  0  3  37  30  10  0  0  0  0  0  0  100 


FOG- 13  VISIBILITY  1.73 

ARTAIS!  0.00  0.23  0.30  0.73  1.00  1.23  1.50  1.73  2.00  2.50  3.00  3.50  4.00  5.00  6.00  ALL 

NUMBER  0  0  0  0  0  0  0  20  49  4  2  0  2  1  0  73 

PERCENT  0  0  0  0  0  0  0  26  43  3  3  0  3  1  0  100 

5-75 


TABLE  5-20. (concluded) 


18JUNB2  OTIS  SUMS  VISIBILITY  DISTRIBUTIONS  10  MINUTE  AVERAGES  VERSUS  ARTAIS  P.  4 

F06-15  VISIBILITY  2.00 

ARTAISJ  0.00  0.25  0.50  0.75  1.00  1.25  1.50  1.75  2.00  2.50  3.00  3.S0  4.00  5.00  4.00  ALL 

NUMBER  0  0  0  0  0  0  0  2  32  S3  16  0  1  1  0  105 

PERCENT  0  0  0  0  0  0  0  2  30  50  15  0  1  1  0  100 


FOG-15  VISIBILITY  2.50 

ARTAISJ  0.00  0.2S  0.50  0.75  1.00  1.25  1.50  1.75  2.00  2.50  3.00  3.50  4.00  5.00  6.00  ALL 

UNDER  0  0  0  0  0  0  0  0  0  47  62  3?  903  160 

PERCENT  0  .0  000000029  39  24  602  100 


FOG-15  VISIBILITY  3.00 

ARTAISJ  0.00  0.25  0.50  0.75  1.00  1.25  1.50  1.75  2.00  2.50  3.00  3.50  4.00  5.00  6.00  ALL 

NUMBER  0  0  0  0  0  0  0  0  0  0  6  20  92  20  0  138 

PERCENT  0  0  0  0  0  0  0  0  0  0  4  14  67  14  0  100 


FOG-15  VISIBILITY  3.50 

ARTAISJ  0.00  0.25  0.50  0.75  1.00  1.25  1.50  1.75  2.00  2.50  3.00  3.50  4.00  5.00  6.00  ALL 

NUMBER  000000000001  20  4459  124 

PERCENT  0  00000000001  16  3548  100 


FOG-15  VISIBILITY  4.00 

ARTAISJ  0.00  0.25  0.50  0.75  1.00  1.25  1.50  1.75  2.00  2.50  3.00  3.50  4.00  5.00  6.00  ALL 

NUMBER  000000000000038  118  156 

PERCENT  0  0  0  0  0  0  0  0  0  0  0  0  0  24  76  100 


FOG-15  VISIBILITY  5.00 

ARTAISJ  0.00  0.25  0.50  0.75  1.00  1.25  1.50  1.75  2.00  2.50  3.00  3.50  4.00  5.00  6.00  ALL 

NUHKR  0  0  0  0  0  0  0  0  0  0  0  0  0  0  144  144 

PERCENT  0  0  0  0  0  0  0  0  0  0  0  0  0  0  100  100 


FOG-15  VISIBILITY  6.00 

ARTAISJ  0.00  0.25  0.50  0.75  1.00  1.25  1.50  1.75  2.00  2.50  3.00  3.50  4.00  5.00  6.00  ALL 

NUMBER  0  0  0  0  0  0  0  0  0  0  0  0  0  0  127  127 

PERCENT  0  0  0  0  0  0  0  0  0  0  0  0  0  0  100  100 


FOG-15  VISIBILITY  Ml 

ARTAISJ  0.00  0.25  0.50  0.75  1.00  1.25  1.50  1.75  2.00  2.50  3.00  3.50  4.00  5.00  6.00  ALL 

NUMBER  0  333  940  113  100  87  115  58  93  104  86  60  124  104  451  2768 

PERCENT  0  12  34  4  4  3  4  2  3  4  3  2  4  4  16  100 
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TABLE  5-2  L  COMPARISON  OF  ARTAIS  VISIBILITY  REPORTS  TO  RAW  DATA  REPORTS: 

RW-700,  7/7  -  7/12. 

7JUL82  OTIS  CHZDAS  VISIBILITY  DISTRIBUTIONS  10  MINUTE  AVERAGES  VERSUS  ARTAIS  P.  1 

RW-700  VISIBILITY  0.00 

AftTAIS:  0.00  0.2S  0.50  0.75  1.00  1.25  1.50  1.75  2.00  2.50  3.00  3.50  4.00  5.00  4.00  ALL 

NUMBER  47  15  0  0  0  0  0  0  0  0  0  0  0  0  0  42 

PERCENT  74  24  0  0  0  0  0  0  0  0  0  0  0  0  0  100 


RW-700  VISIBILITY  0.25 

ARTAIS:  0.00  0.25  0.50  0.75  1.00  1.25  l.SO  1.75  2.00  2.50  3.00  3.50  4.00  5.00  4.00  ALL 

NUMBER  0  118  28  0  0  0  0  0  0  0  0  0  0  0  0  144 

PERCENT  0  81  19  000000000000  100 


RW-700  VISIBILITY  0.50 

ARTAIS:  0.00  0.25  0.50  0.75  1.00  1.25  1.50  1.75  2.00  2.50  3.00  3.50  4.00  5.00  4.00  ALL 

NUMBER  00  124  40  0  0  0  0  0  0  0  0  0  0  0  144 

PERCENT  0  0  74  24  0  0  0  0  0  0  0  0  0  0  0  100 


RW-700  VISIBILITY  0.75 

ARTAIS:  0.00  0.25  0.50  0.75  1.00  1.25  l.SO  1.75  2.00  2.50  3.00  3.50  4.00  5.00  4.00  ALL 

NUOER  0  0  4  73  34  3  0  0  0  0  0  0  0  0  0  114 

PERCENT  00444303000000000  100 


RW-700  VISIBILITY  1.00 

ARTAIS:  0.00  0.25  0.50  0.75  1.00  1.25  1.50  1.75  2.00  2.50  3.00  3.50  4.00  5.00  4.00  ALL 

NUMBER  0  0  0  1  84  IS  31  1000000  107 

PERCENT  000180  14  31  1000000  100 


RW-700  VISIBILITY  1.25 

ARTAIS*.  0.00  0.25  0.50  0.75  1.00  1.25  1.50  1.75  2.00  2.50  3.00  3.50  4.00  5.00  4.00  ALL 

NUMBER  0  0004  51  21  1  3  1  00000  81 

PERCENT  0  0  0  0  5  43  24  1  4  1  0  0  0  0  0  100 


RW-700  VISIBILITY  1.50 

ARTAIS!  0.00  0.25  0.50  0.75  1.00  1.25  1.50  1.75  2,00  2.50  3.00  3.50  4.00  5.00  4.00  ALL 

NUMBER  0000054028200000075 
PERCENT  0  0  0  0  0  7  53  37  3  0  0  0  0  0  0  100 

RW-700  VISIBILITY  1.75 

ARTAIS!  0.00  0.25  0.50  0.75  1.00  1.25  1.50  1.75  2.00  2.50  3.00  3.50  4.00  5.00  4.00  ALL 

NUMBER  0  0  0  0  0  0  1  53  25  1  0  0  0  0  0  80 

PERCENT  0  0  0  0  0  0  1  44  31  10  0  0  0  0  100 
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TABLE  5-2L  (concluded) 


7JUL82 

OTIS  CHIDAS  VISIBILITY  DISTRIBUTIONS 

10  MINUTE  AVERAGES  VERSUS  ARTAIS 

P.  2 

ARTAIS1 

0.00 

0.2S 

0.30 

0.73 

RW-700  VISIBILITY  2.00 
1.00  1.23  1.30  1.75  2.00 

2.30 

3.00 

3.50 

4.00 

3.00 

4.00 

ALL 

NUMBER 

0 

0 

0 

0 

0  0  1  2  34 

42 

0 

0 

0 

0 

0 

101 

PERCENT 

0 

0 

0 

0 

0  0  1  2  S3 

42 

0 

0 

0 

0 

0 

100 

ARTAIS: 

0.00 

0.2S 

0.30 

0.73 

RW-700  VISIBILITY  2.50 
1.00  1.23  1.30  1.73  2.00 

2.30 

3.00 

3.30 

4.00 

5.00 

4.00 

ALL 

NUHKR 

0 

0 

0 

0 

0  0  0  0  10 

178 

47 

2 

0 

0 

0 

237 

PERCENT 

0 

0 

0 

0 

0  0  0  0  4 

4? 

27 

1 

0 

0 

0 

100 

ARTAIS: 

0.00 

0.2S 

0.30 

0.73 

RW-700  VISIBILITY  3.00 
1.00  1.23  1.30  1.73  2.00 

2.30 

3.00 

3.30 

4.00 

3.00 

4.00 

ALL 

NUMBER 

0 

0 

0 

0 

0  0  0  0  0 

7 

143 

44 

5 

0 

0 

723 

PERCENT 

0 

0 

0 

0 

0  0  0  0  0 

4 

74 

20 

2 

0 

0 

100 

ARTAIS: 

0.00 

0.23 

0.30 

0.73 

RW-700  VISIBILITY  3.30 
1.00  1.23  1.30  1.73  2.00 

2.30 

3.00 

3.30 

4.00 

3.00 

4.00 

ALL 

NUMBER 

0 

0 

0 

0 

0  0  0  0  0 

0 

5 

120 

28 

1 

0 

134 

PERCENT 

0 

0 

0 

0 

0  0  0  0  0 

0 

3 

78 

18 

1 

0 

100 

ARTAIS: 

0.00 

0.23 

0.30 

0.73 

RW-700  VISIBILITY  4.00 
1.00  1.23  1.30  1.73  2.00 

2.30 

3.00 

3.30 

4.00 

3.00 

4.00 

ALL 

NUHKR 

0 

0 

0 

0 

0  0  0  0  0 

0 

0 

f 

238 

17 

2 

244 

PERCENT 

0 

0 

0 

0 

0  0  0  0  0 

0 

0 

3 

87 

4 

1 

100 

ARTAIi: 

0.00 

0.23 

0.30 

0.73 

RW-700  VISIBILITY  5.00 
1.00  1.23  1.30  1.73  2.00 

2.30 

3.00 

3.30 

4.00 

3.00 

4.00 

ALL 

NUMBER 

0 

0 

0 

0 

0  0  0  0  0 

0 

0 

0 

7 

183 

43 

233 

PERCENT 

0 

0 

0 

0 

0  0  0  0  0 

0 

0 

0 

4 

72 

23 

100 

mtais: 

0.00 

0.23 

0.30 

0.73 

RW-700  VISIBILITY  4.00 
1.00  1.23  1.30  1.73  2.00 

2.30 

3.00 

3.50 

4.00 

3.00 

4.00 

ALL 

NUHKR 

0 

0 

0 

0 

0  0  0  0  0 

0 

0 

0 

0 

1 

473 

474 

PERCENT 

0 

0 

0 

0 

0  0  0  0  0 

0 

0 

0 

0 

0 

100 

100 

ARTAIS: 

0.00 

0.23 

0.30 

0.73 

RW-700  VISIBILITY  AIL 
1.00  1.23  1.34  1.73  2.00 

2.50 

3.00 

3.50 

4.00 

5.00 

4.00 

ALL 

NUMER 

47 

133 

138 

114 

124  74  44  83  77 

231 

237 

173 

280 

202 

340 

2343 

PERCENT 

2 

3 

4 

4 

5  3  3  3  4 

7 

7 

7 

11 

8 

21 

100 
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TABLE  5-22.  COMPARISON  OF  ARTAIS  VISIBILITY  REPORTS  TO  RAW  DATA  REPORTS 

FOG-15,  7/7  -  7/12. 


7JUL82  OTIS  CHIDAS  VISIBILITY  DISTRIBUTIONS  10  MINUTE  AVERAGES  VERSUS  ARTAIS  P. 

FOG-15  VISIBILITY  0.00 


ARTAIS! 

0.00 

0.25 

0.30 

0.73 

1.00 

1.23 

1.50  1.73  2.00 

2.30 

3.00 

3.30 

4.00 

3.00 

6.00 

ALL 

NUMBER 

0 

47 

0 

0 

0 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

47 

PERCENT 

0 

100 

0 

0 

0 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

100 

FOG-15 

VISIBILITY  0.23 

ARTAIS: 

0.00 

0.2S 

0.30 

0.73 

1.00 

1.23 

1.30  1.73  2.00 

2.30 

3.00 

3.30 

4.00 

5.00 

6.00 

ALL 

NUMBER 

0 

24 

80 

0 

0 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

104 

PERCENT 

0 

23 

77 

0 

0 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

100 

FOG-15 

VISIBILITY  0.30 

ARTAIS: 

0.00 

0.23 

0.30 

0.73 

1.00 

1.23 

1.30  1.73  2.00 

2.30 

3.00 

3.30 

4.00 

3.00 

6.00 

ALL 

NUMBER 

0 

3 

138 

0 

0 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

161 

PERCENT 

0 

2 

98 

0 

0 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

100 

FOG-13 

VISIBILITY  0.73 

ARTAIS: 

0.00 

0.23 

0.30 

0.73 

1.00 

1.23 

1.30  1.73  2.00 

2.50 

3.00 

3.30 

4.00 

3.00 

6.00 

ALL 

NUMBER 

0 

1 

43 

94 

2 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

142 

PERCENT 

0 

1 

32 

66 

1 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

100 

FOG-13 

VISIBILITY  1.00 

ARTAIS! 

0.00 

0.23 

0.30 

0.73 

1.00 

1.23 

1.30  1.73  2.00 

2.30 

3.00 

3.30 

4.00 

3.00 

6.00 

ALL 

NUMBER 

0 

0 

0 

34 

81 

2 

0  0  0 

0 

0 

0 

0 

0 

0 

117 

PERCENT 

0 

0 

0 

29 

69 

2 

0  0  0 

0 

0 

0 

0 

0 

0 

100 

FOG-13 

VISIBILITY  1.23 

ARTAIS: 

0.00 

0.23 

0.30 

0.73 

1.00 

1.23 

1.30  1.73  2.00 

2.30 

3.00 

3.30 

4.00 

3.00 

6.00 

ALL 

NUMBER 

0 

0 

0 

0 

30 

37 

1  0  0 

0 

0 

0 

0 

0 

0 

88 

PERCENT 

0 

0 

0 

0 

34 

63 

1  0  0 

0 

0 

0 

0 

0 

0 

100 

FOG-15 

VISIBILITY  1.30 

ARTAIS: 

0.00 

0.23 

0.30 

0.73 

1.00 

1.23 

1.30  1.73  2.00 

2.30 

3.00 

3.50 

4.00 

3.00 

6.00 

ALL 

NUMBER 

0 

0 

0 

0 

0 

23 

63  3  0 

0 

0 

0 

0 

0 

0 

91 

PERCENT 

0 

0 

0 

0 

0 

23 

71  3  0 

0 

0 

0 

0 

0 

0 

100 

FOG-15 

VISIBILITY  1.73 

ARTAIS: 

0.00 

0.23 

0.30 

0.73 

1.00 

1.23 

1.50  1.73  2.'  < 

2.30 

3.00 

3.30 

4.00 

5.00 

6.  GO 

ALL 

NUMBER 

0 

0 

0 

0 

0 

0 

34  33  3 

l 

0 

0 

0 

0 

0 

71 

PERCENT 

0 

0 

0 

0 

0 

0 

48  46  4 

l 

0 

0 

0 

0 

0 

100 

TABLE  5-22.  (concluded) 


OTIS  BUMS  VISIBILITY  DISTRIBUTIONS  10  MINUTE  AVERAGES  VERSUS  ARTAIS  P. 
FOG-13  VISIBILITY  2.00 

0.00  0.23  0.30  0.73  1.00  1.23  1.30  1.73  2.00  2.30  3.00  3.30  4.00  3.00  6.00  ALL 


33  60 
36  61 


0  98 

0  100 


FOG-15  VISIBILITY  2.30 

0.00  0.23  0.30  0.73  1.00  1.23  1.30  1.73  2.00  2.50  3.00  3.50  4.00  5.00  6.00  ALL 


0  112  129 
0  46  53 


0  242 

0  100 


F06-15  VISIBILITY  3.00 

0.00  0.23  0.30  0.73  1.00  1.23  1.30  1.73  2.00  2.50  3.00  3.30  4.00  5.00  6.00  ALL 


0  0  108  63 

0  0  62  3a 


0  173 

0  100 


FOG-13  VISIBILITY  3.30 

0.00  0.23  0.30  0.73  1.00  1.23  1.30  1.73  2.00  2.50  3.00  3.30  4.00  3.00  6.00  ALL 


83  32 

73  27 


0  117 

0  100 


FOG-13  VISIBILITY  4.00 

0.00  0.23  0.30  0.73  1.00  1.23  1.50  1.73  2.00  2.50  3.00  3.30  4.00  3.00  6.00  ALL 

0  0  0  0  0  0  0  0  0  0  3  61  69  1  0  134 

0  0  0  0  0  0  0  0  0  0  2  46  31  10  100 


FOB-15  VISIBILITY  3.00 

0.00  0.25  0.30  0.73  1.00  1.23  1.30  1.73  2.00  2.30  3.00  3.30  4.00  5.00  6.00  ALL 


0  0 
0  0 


0  147  45  7  199 

0  74  23  4  100 


FOG-13  VISIBILITY  6.00 

0.00  0.23  0.30  0.73  1.00  1.23  1.30  1.73  2.00  2.50  3.00  3.30  4.00  5.00  6.00  ALL 

0  0  0  0  0  0  0  0  0  0  0  0  3  114  640  737 

0  0  0  0  0  0  0  0  0  0  0  0  0  15  83  100 

FOG-15  VISIBILITY  ALL 

0.00  0.23  0.50  0.73  1.00  1.23  1.50  1.75  2.00  2.50  3.00  3.50  4.00  5.00  6.00  ALL 

0  73  283  128  113  82  100  71  175  240  134  94  219  160  647  2541 

0  3  11  5  4  3  4  3  7  9  6  4  9  6  23  100 


.V.’-.V.V 


optical  isolator  in  the  FOG-15  interface  was  damaged  by  a  lightning 
surge  and  was  replaced.  The  data  thus  indicate  that  the  FOG-15 
interface  hardware  was  defective  and  also  may  have  suffered  a 
calibration  change  when  the  lightning  damage  was  sustained. 
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6.  EVALUATION 


The  evaluations  in  this  report  are  based  on  data  collected  during  a 
limited  period  of  time  in  the  late  spring  and  early  summer.  No  data  on 
cold  temperatures  or  freezing  precipitation  were  collected  for  the  final 
modifications  of  the  sensors. 

6.1  TASKER  RW-700  TRANSMISSOMETER 

The  RW-700  transmissometer  suffered  from  a  number  of 
maintenance/ calibration  problems,  especially  during  the  first  month  of 
testing.  The  initiation  of  the  testing  was  delayed  by  some  quality 
control  and  design  problems  which  were  rectified.  During  the  first 
month  the  foundations  settled  and  drastically  misaligned  the  receiver 
several  times.  The  100-percent  calibration  drifted  in  the  first  two 
weeks  by  an  unacceptable  amount.  At  the  beginning  of  the  second  month's 
testing  the  receiver  electronics  became  unstable  because  of  moisture 
leaking  through  an  inadequate  seal.  After  the  first  five  weeks  of 
testing,  the  RW-700' s  problems  mostly  disappeared  and  the  sensor  gave 
good  performance.  Virtually  no  realignment  was  needed  at  the  end  of  the 
second  month  of  operation.  The  100-percent  calibration  changed  only 
about  one  percent  in  six  weeks.  The  second  month's  operation,  apart 
from  the  seal  leakage  problem,  was  consistent  with  a  30-day  maintenance 
period.  One  should  note,  however,  that  the  worst  conditions  of  window 
contamination  at  the  test  site  (southwest  storms)  did  not  occur  during 
the  two-  month  test  period. 

The  RW-700  met  the  pass/fail  accuracy  test  adopted  for  the  tests 
during  July  when  stable  operation  was  observed.  It  came  close  to 
meeting  the  pass/fail  test  in  June  when  the  operation  was  less  stable. 
The  failure  to  meet  the  pass/ fail  test  in  June  was  due  to  ground  fog 
events  where  the  fog  density  was  significantly  different  at  the 
locations  of  the  RW-700  and  the  standard  RVR-500. 


The  only  troublesome  observation  concerning  the  RW-700  was  the 
fact  that  it  consistently  (apart  from  a  single  rain  event  and  short 
ground  fog  episodes)  gave  visibilities  ten  percent  higher  them  the 
parallel  RVR-500.  This  difference,  however,  did  not  affect  the  results 
of  the  pass/fail  test.  About  1  percent  of  the  difference  is  due  to  a 
slight  difference  in  baseline  length.  Since  the  optical  characteristics 
of  the  two  units  are  virtually  identical,  there  are  only  two  possible 
sources  for  the  error: 

1)  Spatial  differences  between  the  two  baselines,  or 

2)  Some  electronic  problem  generating  an  increased  output  pulse 
rate  which  still  doesn't  change  the  background  level  which  is 
subtracted  every  hour  or  the  100-percent  calibration  which 
remains  consistent. 

A  similar  ten-peroent  difference  between  the  RW-700  and  RVR-  500 
was  noted  in  the  Areata  tests.  It  was  ascribed  to  the  difference  in 
heights  of  the  two  sensors.  The  RW-700  was  mounted  5  feet  above  the 


ground;  the  RVR-500  baseline  was  directly  above  the  RW-700  baseline  at 
a  height  of  16  feet.  The  Otis  test  was  set  up  with  much  less  difference 
in  vertical  spacing  (8  versus  12  feet),  but  with  a  100-foot  lateral 
spacing  between  the  baselines.  In  both  tests  the  separation  between  the 
baselines  was  too  great  to  rule  out  spatial  variations  as  an  explanation 
for  the  discrepancy.  The  simplest  method  of  eliminating  spatial 
variation  would  be  to  use  the  FAA's  laser  calibrator  attached  directly 
to  the  RW-700  tower  as  a  standard  of  comparison.  The  laser  calibrator 
would  however,  require  significant  optical  and  mechanical  changes  to 
operate  on  a  1000-foot  baseline. 

A  number  of  approaches  were  taken  to  assess  the  effect  of  fog 
variation  with  height  on  the  RW-700/RVR-500  discrepancy.  The 
observation  of  higher  fog  density  by  the  RW-700  in  ground  fog  is 
evidence  for  such  an  effect.  The  observation  of  excellent  agreement  for 
Event  #2  in  rain  is  also  consistent  with  the  normal  10-percent 


disagreement  being  due  to  an  increase  in  fog  density  with  height.  An 
attempt  was  made  to  use  the  other  sensors  at  the  Otis  site  (including 
two  Videographs  located  at  6-and  20-foot  heights)  to  assess  the  vertical 
variation  in  the  fog  density.  The  10-percent  difference  between  the 
RW-700  and  RVR-  500  appeared  to  persist  whether  or  not  there  was  a 
significant  height  gradient.  Both  1000-foot  baseline  transmissometers 
were  compared  with  the  300-foot  RVR -500  which  crossed  both  baselines. 
The  300- foot  baseline  tended  to  read  between  the  two  1000-foot  baselines 
with  5  percent  variation  from  event-to-event . 

Until  the  source  of  the  unexplained  9-percent  discrepancy  is 
identified,  it  would  be  advisable  to  apply  a  9-percent  correction 
(increase)  to  the  extinction  coefficient  measured  by  the  RW-700 
(equivalent  to  reducing  the  baseline  used  in  the  extinction  coefficient 
calculation  by  9  percent).  If  the  source  of  the  discrepancy  turns  out 
to  be  electronic,  this  correction  is  necessary.  If  the  source  is  a 
general  increase  in  fog  density  with  height,  as  is  expected  for  the 
adveotion  fogs  which  were  most  common  at  Otis,  then  the  correction 
represents  an  overestimate  of  fog  density  at  the  RW-700  height.  It  is, 
in  fact,  equivalent  to  measuring  at  a  higher  level.  Of  course,  the 
correction  goes  the  wrong  way  in  ground  fog  where  the  fog  density 
decreases  with  height.  In  either  case,  the  correction  does  not  affect 
the  pass/ fail  test. 

6.2  WRIGHT  &  WRIGHT  FOG- 15 

The  lack  of  an  absolute  calibration  method  for  the  FOG- 15  was 
rectified  at  the  end  of  the  test  period.  An  after-the-fact  calibration 
of  the  two  units  tested  produced  reasonably  consistent  results.  The 
sensor  gain  remained  reasonably  stable  over  the  course  of  the  tests. 
The  newer  of  the  two  units  tested  (SN  015)  was  quieter  than  the  older 
one  (SN  003),  probably  because  of  a  higher  quality  photodiode.  One 
component  failure  (the  zero  setting  potentiometer  in  SN  015)  was 
observed.  The  voltage- to-frequency  converter  in  SN  003  showed  some 
tendency  to  drift  out  of  calibration. 


Two  significant  problems  were  observed  in  the  latest  version  of  the 
FOG-15: 

1 )  the  calibration  is  nonlinear  and 

2)  the  calibration  changes  at  high  temperature. 

According  to  the  manufacturer  both  of  these  effects  are  due  to  a 
new  "soft"  clipping  circuit  which  was  added  to  the  final  FOG-15  version 
FOG-15  which  was  tested.  The  soft  clipping  reduces  the  signal  gain  for 
large  signals  and  when  large  amounts  of  noise  (i.e.,  sunlight)  are 
present.  This  circuit  thus  accounts  for  the  observed  nonlinear  response 
and  reduced  gain  during  the  daytime.  The  manufacturer  has  returned  to  a 
"hard”  clipping  circuit  which  should  restore  the  dynamic  range  and 
calibration  consistency  of  the  instrument.  Unfortunately,  the  data  from 
the  current  tests  cannot  be  used  to  verify  the  characteristics  of  a 
modified  instrument.  The  following  results  apply  only  to  the  "soft” 
clipped  version. 

e 

A  calibration  curve  with  two  slopes  differing  by  a  ratio  of  1.44 

was  found  to  be  needed  to  make  the  FOG- 15  agree  with  a  transmissometer 
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in  the  fog.  The  break  point  occurs  at  38.5  10  m  .  Applying  the 

same  calibration  to  fog  measurements  of  earlier  "hard”  clipped  versions 

of  the  FOG-15  gave  unsatisfactory  results.  The  earlier  FOG-15  units 
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agree  with  the  EG&G  207  in  showing  a  possible  break  around  5  10  m  . 
The  nonlinear  calibration  for  fog  was  generally  consistent  over  the 
four-month  test  period.  For  one  daytime  event  the  calibration  was 
observed  to  revert  to  the  previous  linear  calibration. 

The  earlier  "hard"  clipped  versions  of  the  FOG-15  showed  a  higher 
response  to  pure  rain  than  to  fog,  as  was  also  observed  for  the  EG&G 
207.  The  enhancement  factor  appeared  to  be  between  1.5  and  2.0.  Not 
enough  rain  data  was  accumulated  with  the  "soft"  clipped  FOG-15  to 
establish  its  response  to  pure  rain.  One  event  indicated  that  the  rain 
response  may  be  similar  to  earlier  versions. 


6.3  IMPULSPHYSICS  LD-WHL  LASER  CEILOMETER 

The  tests  described  in  Appendix  B  showed  that  the  LD-WHL  was  more 
sensitive  to  clouds  than  the  ASEA  QL  1211  and  was  at  least  as  sensitive 
as  the  rotating  beam  ceilometer.  The  attenuation  tests  reported  in 
Appendix  C  showed  that,  under  clear  conditions  the  LD-WHL  can  measure 
clouds  to  its  maximum  height  of  5000  feet  even  when  its  received  beam  is 
attenuated  by  35  percent.  Onder  conditions  of  fog,  rain,  and  snow  the 
LD-WHL  tends  to  report  a  nonexistent  cloud  layer  at  200  to  300  feet. 
This  false  layer  disappeared  when  the  receiver  beam  was  attenuated  by  55 
percent.  The  LD-WHL  loses  receiver  sensitivity  when  illuminated  by 
sunlight  at  a  high  elevation  angle. 

6.4  ARTAIS  INTERFACES 

The  RW-700  interface  performed  satisfactorily.  All  information 
was  properly  passed  to  the  AWOS  processor.  The  potential 
incompatability  with  the  NWS  reporting  algorithm  proved  to  be 
unimportant  for  actual  data.  The  software  showed  minor  inconsistencies 
with  the  NWS  reporting  algorithms.  However,  NWS  factory  testing 
verified  the  current  Artais  software. 

The  FOG-15  interface  showed  signs  of  saturating  for  large  signal 
levels,  and  evidence  for  a  shift  in  gain.  Additional  factory  testing  of 
this  interface  is  required. 

The  LD-WHL  interface  performed  satisfactorily.  The  cloud  layer 
algorithm  in  the  Artais  processor  showed  signs  of  an  error  in  reporting 
"variable"  ceiling  which  had  been  identified  earlier  to  the 
manufacturer.  The  NWS  conducted  factory  testa  on  the  corrected 
algorithm  have  verified  that  the  current  cloud  layer  software  performs 
correctly. 


The  test  plan  was  designed  to  perform  a  laboratory  test  of  the 
Artais  cloud  layer  software.  Recorded  data  from  earlier  tests 
(Including  snow)  was  to  be  Inserted  Into  the  Artais  processor.  However, 
this  phase  of  the  test  was  omitted  since  the  field  test  served  to  check 
the  processing  algorithm  on  real-time  data,  so  that  playing  back  old 
data  was  not  necessary. 

The  Interface  tests  examined  the  failure  detection  capability  of 
the  Artais  processor.  All  the  sensors  were  properly  reported  as  missing 
when  they  or  their  Interfaces  had  failed. 

6.5  Testing  Methods 

The  pass/fail  accuracy  criteria  adopted  for  the  tests  looks  for 
outliers  In  the  data.  These  outliers  may  be  due  to  sensor  problems,  but 
could  also  be  caused  by  unusual  events,  data  recording/processing 
errors,  or  human  activities  such  as  calibrations  and  checks.  It  can  be 
difficult  to  filter  out  all  the  non-sensor  outliers  In  order  to  arrive 
at  a  true  picture  of  sensor  performance.  It  would  be  desirable  to  adopt 
a  sensor  accuracy  test  that  depended  on  90  percent  of  the  measurements 
rather  than  the  10-percent  extreme  values. 

The  cellometer  attenuation  tests  described  in  Appendix  C  showed 
that  the  cellometer  sensitivity  can  be  assessed  in  the  relatively  short 
period  of  nine  days.  The  results  of  the  test  were  somewhat  surprising; 
the  cloud  hit  probability  dropped  from  near  100  percent  to  zero  as  the 
transmission  of  the  attenuator  dropped  from  65  peroent  to  45  percent. 
This  drop  corresponds  to  an  excess  signal-to-threshold  ratio  of  about 
2.0  which  is  surprisingly  low  considering  the  good  performance  of  the 
cellometer  even  with  significantly  reduced  visibilities.  Informal 
discussions  with  the  manufacturer  indicated  that  a  value  of  5  should  be 
expected.  The  explanation  for  this  lower  value  may  lie  in  the  test. 
The  multiplicity  of  attenuation  filters  may  have  increased  the 
divergence  of  the  receiver  beam  and  thereby  reduced  the  overlap  between 
the  transmitter  and  receiver  beams. 
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Additional  testing  is  needed  before  an  attenuation  test  can  be  used 
to  quickly  assess  ceiloowter  performance  for  acceptance  or  quality 
assurance  testing.  Some  changes  in  methodology  could  be  useful. 
Attenuating  the  transmitter  beam  rather  than  the  receiver  would  give  a 
fairer  test  of  the  effects  <f  background  light  on  the  receiver,  as  well 
as  avoiding  a  receiver  failure  report  when  the  self-check  signal  is 
attenuated  too  much.  A  direct  measurement  of  filter  attenuation  would 
be  helpful.  Likewise,  some  assurance  that  the  filter  does  not  affect 
the  beam  shape  is  needed. 
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VISIBILITY  SENSOR  ACCURACY  REQUIREMENTS 


Or.  David  C.  Burnham 

1 .  INTRODUCTION 

The  eurrent  oriteria  for  certifying  AWOS  visibility  sensors  (see  Section 
2.1)  appear  to  be  too  stringent  to  be  satisfied  by  any  existing  sensor.  The 
purpose  of  this  report  is  to  verify  this  fact,  to  examine  the  actual  sensor 
performance  achieved,  and  to  define  realistic  performance  standards. 

This  report  is  intended  to  be  a  working  document  which  will  be  used  to 
present  test  results  to  the  organizations  responsible  for  setting  standards. 
Information  on  sensor  performance  will  be  added  as  it  becomes  available.  In 
particular,  new  ways  of  looking  at  sensor  data  will  be  developed  to  aid  the 
process  of  setting  standards.  Revisions  will  be  made  in  response  to  consents 
from  those  involved  in  the  certification  process. 

2.  PERFORMANCE  STANDARDS 
2.1  1980  CERTIFICATION  STANDARDS 

Standards  for  certifying  AWOS  visibility  sensors  were  specified  by  the  FAA 
Office  of  Aviation  Standards  on  2/13/80.  An  acceptable  sensor  should 

(a)  Be  reliable,  accurate,  and  low  cost 

(b)  Be  capable  of  extrapolating  changes  in  visibility  over  the  following 
range  of  values  and  aoouraoies  (statute  miles): 

ACTUAL  VISIBILITY  1/4-3  more  than  3  to  approx  7 

SENSING/MEASURING  +1/8  +1/2 

(c)  Be  capable  of  reporting  visibility  in  1/4  mile  increments  for  measured 
visibilities  of  1/4  to  3  miles  and  1  mile  increments  for  measured 
visibilities  of  more  than  3  to  approximately  7  miles. 
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(d)  Be  capable  of  meeting  (b)  and  (c)  in  all  commonly  occurring  visibility 
environments  (i.e.,  rain,  fog,  snow,  etc). 

These  standards  are  based  on  the  way  visibility  is  used  in  aviation.  The 
following  is  a  simplified  description  of  the  reasons  for  the  standards.  A 
visibility  of  three  miles  or  more  is  needed  to  allow  visual  flight  rules  (VFR). 
Por  visibilities  below  three  miles,  instrument  flight  rules  (IFR)  are  used. 
Minimum  visibility  values  in  quarter-mile  increments  are  required  for 
instrumented  runways  to  allow  an  approach.  Reported  visibilities  above  three 
miles  are  less  precise  because  they  are  needed  only  for  forecasting,  not  for 
operations.  The  accuracy  requirements  were  set  to  insure  that  the  reported 
values  are  meaningful,  i.e.,  that  the  accuracy  is  half  the  reporting  interval. 

The  requirements  as  stated  above  are  incomplete  without  a  number  of 
assumptions: 

a)  The  first  assumption  is  that  visibility  is  derived  from  the  measured 
extinction  coefficient  using  the  same  equations  as  Runway  Visibility 
Value  (RW).  These  equations  assume  a  5.5  percent  contrast  threshold 
in  the  daytime  and  a  25-candela  omnidirectional  lamp  for  viewing  at 
night. 

b)  The  second  is  that  the  extinction  coefficient  is  averaged  for  a  time 
of  10  minutes  before  being  converted  to  visibility. 

c)  The  third  assumption  is  that  the  accuracy  specifications  represent  one 
standard  deviation. 

2.2  DEMONSTRATION  AWOS  PROCUREMENT  STANDARDS 

Because  the  requirements  established  in  1980  appear  to  be  too  stringent, 
the  PAA's  Airway  Facilities  Service  proposed  in  1981  a  relaxed  set  of 
requirements  (entitled  "AWOS  Sensor  Achievable  Accuracies")  to  be  used  in 
procuring  demonstration  AWOS  systems.  The  following  reduced  number  of 
visibility  increments  (miles)  are  to  be  reported:  <1/4,  1/4,  1/2,  3/4,  1  1/4,  1 
1/2,  2,  2  1/2,  3t  3  1/2,  4,  5,  >5.  A  laser  transmissometer  is  specified  as  the 
visibility  standard.  Values  reported  by  a  candidate  sensor  must  be  within  one 


Increment  of  those  reported  by  the  standard  90  percent  of  the  time  for 
Independent  data  samples.  For  example,  if  the  standard  reports  3  miles,  the 
candidate  report  must  be  between  2-1/2  and  3-1/2  miles  for  at  least  90  percent 
of  the  measurements.  In  precipitation  (rain,  snow,  etc.)  this  requirement  is 
relaxed  to  permit  the  candidate  sensor  to  read  two  increments  lower  than  the 
standard.  This  standard  differs  from  the  1980  certification  standard  in  that  it 
deals  with  reported  values  which  have  a  coarse  resolution  rather  than  measured 
values  which  have  higher  resolution.  Section  5  shows  how  the  two  can  be 
related. 


3.  AUTOMATED  VISIBILITY  OBSERVATIONS 

A  basic  requirement  on  automated  visibility  observations  is  that  they  be  at 
least  as  good  as  the  human  observations  they  are  intended  to  replace.  In 
principle,  they  need  to  be  no  better  since  human  observations  are  now  used  to 
control  and  limit  aircraft  operations.  However,  because  humans  and  sensors 
provide  different  types  of  measurements,  it  is  not  fair  to  use  a  single  standard 
of  comparison.  A  visibility  sensor  is  superior  to  a  human  observer  in  terms  of 
the  consistency  and  timeliness  of  the  measurements.  It  may  be  inferior  in  terms 
of  how  well  the  measurements  represents  the  conditions  to  be  encountered  by  the 
pilot.  Human  judgement  can  interpret  unusual  conditions  and  filter  out 
misleading  sensor  readouts.  The  variability  of  human  observations  leads  to 
large  disagreements  between  human  and  sensor  measurements  (+  50%  at  best).  This 
level  of  disagreement  does  not  imply  that  sensor  errors  of  +  50  percent  are 
acceptable.  A  much  higher  accuracy  is  expected  from  sensors  in  order  to 
compensate  for  their  possible  deficiencies  in  representativeness  and  judgement. 

The  visibility  aoouracy  standards  of  Section  2  are  oriented  toward  the 
numbers  used  to  report  visibility  without  much  consideration  of  what  the  numbers 
mean.  The  aotual  visibility  is  not  as  well  defined  as  these  numbers  imply.  The 
visibility  is  often  not  the  same  at  the  pilot's  location  as  at  the  sensor's 
location.  In  addition,  what  the  pilot  can  see  varies  from  pilot- to-pilot. 
Finally,  it  is  unlikely  that  a  pilot  can  tell  the  difference  in  his  view  of  the 
ground  when  the  visibility  is  changed  by  a  small  amount  such  as  15  percent. 
These  sources  of  variation  are  factored  into  the  visibility  standards  used  to 

A-4 


control  aircraft  operations.  Consequently,  sensor  errors  which  are  smaller  than 
these  other  sources  of  variation  will  have  little  impact  on  operations.  One 
should  note  that  these  "natural”  sources  of  variation  generally  introduce  a 
percentage  uncertainty  in  the  visibility.  Consequently,  the  most  natural  form 
of  a  visibility  accuracy  standard  is  in  terms  of  percentage  error. 

4.  VISIBILITY  MEASUREMENTS 

Visibility  sensors  actually  measure  the  atmospheric  extinction  coefficient 
rather  than  the  visibility.  Standardized  equations  (RW)  are  then  used  to 
translate  the  extinction  coefficient  into  an  estimate  of  visibility.  The  RW 
equations  were  developed  by  comparing  instrumental  measurements  to  human 
observations.  Figure  1  shows  a  plot  of  the  equations.  For  the  same  extinction 
coefficient,  the  visibility  is  higher  at  night.  Figure  2  shows  how  much  greater 
the  night  visibility  can  be;  it  is  a  plot  of  the  ratio  of  the  night  visibility 
to  the  day  visibility  for  the  same  extinction  coefficient,  i.e.,  the  same  fog 
density. 

4.1  TRANSMISSOMETER  BASELINE 

The  selection  of  a  transmissometer  baseline  is  a  compromise  between 
accuracy  at  the  high  and  low  ends  of  the  visibility  range  to  be  covered.  Two 
baselines,  750  and  1000  feet,  have  been  considered  for  AWOS  use.  Figure  3  shows 
the  dependence  of  the  transmission  on  visibility  for  these  two  choices.  At  the 
high  visibility  end,  small  changes  in  transmission  correspond  to  large  changes 
in  visibility.  For  the  same  transmission  accuracy,  increasing  the  baseline  from 
750  to  1000  feet  reduces  the  error  by  25  percent.  At  the  low  visibility  end  the 
results  are  more  dramatic.  At  1 /4-mile  visibility,  the  750-foot  baseline  yields 
a  transmission  of  18.2  percent  and  1.8  percent  for  day  and  night  respectively. 
The  values  drop  to  10.3  percent  and  0.47  percent  for  the  1000-foot  baseline. 
The  daytime  values  pose  no  particular  measurement  problems,  but  the  night  values 
could  pose  a  problem,  depending  upon  where  the  break  point  is  set  for  reporting 
less  than  1/4-alle  visibility.  Current  transmissometer  practice  allows 
discrimination  of  0.25  percent  transmission  (10  counts /minute)  at  night.  This 
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FIGURE  2.  COMPARISON  OP  NIGHT  AND  DAY  RW  VALUES  FOR  THE  SAME  EXTINCTION 
COEFFICIENT. 


level  would  allow  a  3/1 6-mile  break  point  for  the  750-foot  baseline,  but  only  a 
value  slightly  below  1/4  miles  for  a  100- foot  baseline. 

5.  RELATIONSHIP  BETWEEN  SENSOR  ACCURACY  AND  REPORTING  CONSISTENCY 

The  two  types  of  acceptance  criteria  in  Section  2  can  be  related  to  each 
other  by  an  analytical  calculation.  Two  assumptions  are  required:  First,  an 
analytical  fora  for  the  sensor  error  must  be  defined.  Two  different  forms  will 
be  examined  in  the  following  subsections.  Second,  the  distribution  of  actual 
visibilities  must  be  defined.  For  a  given  reporting  value  (e.g.,  3/4  mile)  the 
actual  visibility  can  assuae  a  range  of  values  (0.625  to  0.875  miles).  For  the 
calculation  this  range  is  divided  into  twenty  increments  (0.0125  mile  wide). 
The  actual  visibility  distribution  is  taken  as  one  point  in  the  middle  of  each 
increment,  i.e.,  twenty  values  in  all.  The  analytical  model  for  the  sensor 
error  is  then  used  to  calculate  the  probability  of  the  sensor  reporting  value 
being  different  from  the  actual  reporting  value.  Of  course,  for  small  errors, 
the  probability  of  a  different  reported  value  is  higher  when  the  actual 
visibility  is  near  the  edge  of  the  range  for  a  given  reporting  value  than  when 
it  is  in  the  middle.  The  probability  is  averaged  over  the  twenty  evenly  spaced 
actual  visibility  values  to  represent  all  possible  situations  having  the  same 
actual  reported  visibility. 

5.1  FRACTIONAL  ERROR 

One  simple  error  fora  which  appears  to  describe  sensor  disagreements  under 
many  conditions  is  a  random  fractional  error  (in  the  extinction  coefficient). 
If  the  errors  are  assumed  to  have  a  normal  distribution,  they  can  be 
characterised  by  a  single  parameter,  the  fractional  standard  deviation.  The 
probabilities  of  sensor  value  being  beyond  a  limit  are  evaluated  using  the 
mathematical  function  called  the  error  function. 

Table  1  shows  the  results  of  the  error  probability  calculation  for  a 
fractional  standard  deviation  of  0.14.  For  each  actual  visibility  the 
probabilities  are  calculated  for  the  sensor  report  being  more  than  one  value  low 


TABLE  1.  REPORTING  ERRORS  FOR  SENSOR  FRACTIONAL  ERROR  (ST!).  DEV.)  -  0.140 


MY 

RW(MI)  NIN  SIGMA 

>1  LOU 

reporting  probabilities 

1  LOU  SAME  1  HIGH 

>1  HIGH  '  >1 

<1/4 

90.10 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

MY 

i/4 

48.03 

0.0000 

0.0434 

0.8149 

0.1192 

0.0003 

MY 

1/2 

28.83 

0.0000 

0.0834 

0.7771 

0.1334 

0.0037 

MY 

3/4 

20.39 

0.0000 

0.1393 

0.4490 

0.1747 

0.0149 

MY 

1.00 

14*02 

0.0002 

0.1913 

0.3721 

0.2022 

0.0340 

MY 

1.23 

13.11 

0.0037 

0.2323 

0.4918 

0.2449 

0.0231 

MY 

1.30 

10.30 

0.0100 

0.1897 

0.3373 

0.2233 

0.0194 

MY 

2.00 

8.01 

0.0037 

0.1879 

0.3721 

0.2022 

0.0340 

MY 

2.30 

4.33 

0.0037 

0.2323 

0.4918 

0.2139 

0.0381 

MY 

3.00 

3.34 

0.0149 

0.2371 

0.4274 

0.2142 

0.0842 

MY 

3.30 

4.81 

0.0340 

0.2444 

0.3744 

0.2423 

0.0409 

MY 

4 

4.00 

0.0411 

0.2140 

0.4378 

0.2442 

0.0428 

MY 

3 

3.28 

0.0180 

0.2182 

0.4918 

0.2720 

O.OOOQ 

MY 

>3 

0.18 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

KITE 

<1/4 

224.94 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

NXTC 

1/4 

110.43 

0.0000 

0.0332 

0.8394 

0.1033 

0.0001 

MITE 

1/2 

41.30 

0.0000 

0.0718 

0.8043 

0.1202 

0.0014 

MITE 

3/4 

41.40 

0.0000 

0.1184 

0.7137 

0.1403 

0.0073 

MITE 

1.00 

30.81 

0.0000 

0.1433 

0.4274 

0.1897 

0.0194 

MITE 

1.23 

24.30 

0.0009 

0.2037 

0.3317 

0.2312 

0.0124 

MITE 

1.30 

18.24 

0.0034 

0.1432 

0.4178 

0.2043 

0.0090 

MITE 

2.00 

13.49 

6.0009 

0.1394 

0.4341 

0.1878 

0.0178 

MITE 

2.30 

10.38 

0.0007 

0.1998 

0.3393 

0.2043 

0.0333 

MITE 

3.00 

8.44 

0.0044 

0.2303 

0.4944 

0.2142 

0.0322 

mite 

3.30 

7.23 

0.0134 

0.2304 

0.4440 

0.2388 

0.0331 

MITE 

4 

3.79 

0.0183 

0.1970 

0.3324 

0.2314 

0.0204 

MITE 

3 

4.31 

0.0037 

0.1894 

0.3497 

0.2330 

0.0000 

MITE 

>3 

0.07 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

DIFFERENT 
0, 

0. 

0, 

0. 

0, 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
0.019 
0.014 
0.013 
0.019 
0.034 
0.037 
0.047 
0.039 
0.004 
0.000 
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(e.g.,  1/4  mile  reported  for  1/2  mile  actual),  for  one  value  low  (1/4  mile 
reported  for  1/2  mile  actual),  for  the  same  reported  and  actual  value  (1/2  mile 
for  1/2  mile  actual),  for  one  value  high  (3/4  mile  for  1/2  mile  actual),  and  for 
more  than  one  value  high  (1  mile  or  more  for  1/2  mile  actual).  In  addition,  the 
total  probability  of  being  more  than  one  value  different  is  listed  in  the  last 
column.  The  acceptance  criteria  of  Section  2.2  requires  that  this  last  value  be 
less  than  0.10.  A  fractional  deviation  near  0.14  gives  this  limiting  value  for 
the  specified  AWOS  reporting  values.  In  the  last  column  the  highest  value  by  far 
occurs  for  3-00  mile  visibility  during  the  daytime.  The  errors  are  smaller  at 
night  because  the  reported  value  depends  less  strongly  upon  the  extinction 
coefficient  than  during  the  daytime.  NOTE:  The  error  analysis  is  not  done  for 
1/4  mile  and  5  miles  since  the  proper  distribution  of  visibility  cannot  be 
reasonably  defined.  These  values  are  included  to  show  the  break  points. 

Figure  4  shows  how  this  error  parameter  (the  probability  for  actual  and 
reporting  values  differing  by  more  than  one  value)  depends  upon  the  fractional 
error  (standard  deviation).  The  effect  of  deleting  the  3.5-mile  reporting  value 
is  also  illustrated  in  Figure  4  (dashed  line)  and  in  Table  2.  Deleting  the  3.5- 
mlle  reporting  value  makes  the  reporting  errors  significantly  smaller  and  also 
more  uniform  over  the  different  reporting  values. 

5.2  100-PERCENT-TRANSMISSION  ERROR 

The  primary  cause  of  transmissometer  error  is  window  contamination,  which 
causes  a  systematic  error  in  the  visibility  measurement.  This  error  will  be 
modeled  by  assuming  that  the  window  contamination  builds  up  uniformly  to  a  loss 
of  E  percent  (100-E  maximum  transmission),  after  which  the  100-percent 
calibration  is  restored  by  window  cleaning  and/or  recalibration.  The  100- 
percent  calibration  error  is  thus  distributed  uniformly  over  the  range  0  to  E. 

Table  3  shows  the  results  of  the  error  analysis  for  a  1000-foot  baseline 
and  E  s  3.5  percent  which  represents  the  10-percent  limit  on  more  than  one  value 
difference.  In  this  case  the  maximum  error  occurs  for  4-mile  day  visibility, 
which  is  higher  than  for  fractional  errors.  This  shift  results  from  the 
enhanced 


TABLE  2.  REPORTING  ERRORS  FOR  SENSOR  FRACTIONAL  ERROR  (STD.  DEV.)  -  0.190 


RW(NZ)  HIM  SIGMA 


MY 

<1/4 

00.10 

MY 

1/4 

48.03 

MY 

1/2 

28.83 

MY 

3/4 

20.3V 

MY 

1.00 

14.02 

MY 

1.2S 

13.11 

MY 

1.30 

10.30 

MY 

2.00 

8.01 

MY 

2.30 

4.33 

MY 

3.00 

3.13 

MY 

4 

4.00 

MY 

3 

3.28 

MY 

>3 

0.18 

KITE 

<1/4 

224.V4 

KITE 

1/4 

110.43 

KITE 

in 

41.30 

NZTE 

3/4 

41.40 

KITE 

1.00 

30.81 

KITE 

1.23 

24.30 

KITE 

1.30 

18*24 

KITE 

2.00 

13.49 

KITE 

2.30 

10.38 

MITE 

3.00 

7.89 

MITE 

4 

3.79 

MITE 

3 

4.31 

MITE 

>3 

0.07 

>1  LOU 

RETORTING  PROBABILITIES 

1  LOU  SAME  1  HIGH 

>1  HIGH 

>1  DIFFERENT 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000 

0.0000 

0.0844 

0.7322 

0.1371 

0.0043 

0.004 

0.0000 

0.1133 

0.7001 

0.1473 

0.0191 

0.019 

0.0000 

0.1844 

0.3477 

0.1977 

0.0482 

0.048 

0.0030 

0.2429 

0.4440 

0.2048 

0.0833 

0.084 

0.0191 

0.2710 

0.3873 

0.2314 

0.0708 

0.090 

0.0337 

0.2204 

0.4494 

0.2344 

0.0393 

0.093 

0.0174 

0.2283 

0.4440 

0.2048 

0.0833 

0.101 

0.0191 

0.2710 

0.3873 

0.2314 

0.0708 

0.090 

0.0337 

0.2204 

0.4494 

0.2344 

0.0393 

0.093 

0.0174 

0.2283 

0.4440 

0.2048 

0.0833 

0.101 

0.0191 

0.2710 

0.3873 

0.3224 

0.0000 

0.019 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000 

0.0000 

0.0749 

0.7814 

0.1413 

0.0021 

0.002 

0.0000 

0.0971 

0.7379 

0.1341 

0.0109 

0.011 

0.0000 

0.1394 

0.4201 

0.1894 

0.0309 

0.031 

0.0007 

0.2141 

0.5213 

0.2043 

0.0377 

0.038 

0.0074 

0.2314 

0.4438 

0.2312 

0.0440 

0.033 

0.0144 

0.2043 

0,3110 

0.2314 

0.0344 

0.033 

0.0047 

0.2043 

0.3283 

0.2039 

0.0347 

0.041 

0.0043 

0.2484 

0.4314 

0.2307 

0.0430 

0.030 

0.0147 

0.2013 

0.3193 

0.2303 

0.0339 

0.049 

0.0037 

0.2003 

0.3379 

0.2032 

0.0310 

0.037 

0.0034 

0.2440 

0.4413 

0.2891 

0.0000 

0.003 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000 
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TABLE  3.  REPORTING  ERRORS  FOR  TRAN SMI SSOMETER  WITH  BASELINE  -  1000.  (FEET) 
WITH  100%  TRANSMISSION  ERROR  OF  3.5% 


REPORTING  PROBABILITIES 


RW(NI) 

MX  TRANS 

>1  LOU 

1  LOU  ■ 

SANE 

1  HIGH 

>1  HIGH 

>1  DIFFERENT 

MY 

<1/4 

0.04414 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000 

MY 

1/4 

0.23111 

0.0000 

0.0000 

1.0000 

0.0000 

0.0000 

0.000 

MY 

1/2 

0.41323 

0.0000 

0.0141 

0.9B39 

0.0000 

0.0000 

0.000 

MY 

-  3/4 

0.33377 

0.0000 

0.0313 

0.9483 

0.0000 

0.0000 

0.000 

MY 

1.00 

0.41348 

0.0000 

0.1023 

0.8977 

0.0000 

0.0000 

0.000 

MY 

1.2S 

0.47043 

0.0000 

0.1713 

0.8283 

0.0000 

0.0000 

0.000 

MY 

1.30 

0.73039 

0.0000 

0.1727 

0.8273 

0.0000 

0.0000 

0.000 

MY 

2.00 

0.78338 

0.0000 

0.2137 

0.7843 

0.0000 

0.0000 

0.000 

MY 

2.30 

0.81893 

0.0000 

0.3417 

0.4383 

0.0000 

0.0000 

0.000 

MY 

3.00 

0.84449 

0.0000 

0.3414 

0.4584 

0.0000 

0.0000 

0.000 

MY 

3.30 

0.84374  • 

0.0130. 

0.4323 

0.3347 

0.0000 

0.0000 

0.013 

MY 

4 

0.88308 

0.0841 

0.3470 

0.3449 

0.0000 

0.0000 

0.084 

MY 

3 

0.90493 

0.0483 

0.3940 

0.3337 

0.0000 

0.0000 

0.048 

MY 

>3 

0.99432 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000 

RITE 

<1/4 

0.00099 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000 

RITE 

1/4 

0.03432 

0.0000 

0.0000 

1.0000 

0.0000 

0.0000 

0.000 

RITE 

1/2 

0.13437 

0.0000 

0.0000 

1.0000 

0.0000 

0.0000 

0.000 

RITE 

3/4 

0.28313 

0.0000 

0.0194 

0.9804 

0.0000 

0.0000 

0.000 

RITE 

1.00 

0.39099 

0.0000 

0.0414 

0.9384 

0.0000 

0.0000 

0.000 

RITE 

1.23 

0.47479 

0.0000 

0.0734 

0.9244 

0.0000 

0.0000 

0.000 

HITE 

1.30 

0.37338 

0.0000 

0.0740 

0.9240 

0.0000 

0.0000 

0.000 

RITE 

2.00 

0.44284 

0.0000 

0.0970 

0.9030 

0.0000 

0.0000 

0.000 

RITE 

2.30 

0.72424 

0.0000 

0.1497 

0.8303 

0.0000 

0.0000 

0.000 

RITE 

3.00 

0.74834 

0.0000 

0.2443 

0.7333 

0.0000 

0.0000 

0.000 

RITE 

3.30 

0.80179 

0.0000 

0.3893 

0.4103 

0.0000 

0.0000 

0.000 

RITE 

4 

0.83827 

0.0000 

0.3410 

0.4390 

0.0000 

0.0000 

0.000 

RITE 

3 

0.87139 

0.0000 

0.4130 

0.3830 

0.0000 

0.0000 

0.000 

RITE 

>3 

0.99794 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000 

FIGURE  4. 


SENSOR  FRACTIONAL  ERROR 
(STANOARO  DEVIATION) 

Effect  of  Sensor  Fractional  Error  on  tha  Probability  of  Reporting  a 
Visibility  Mora  Than  Ona  Reporting  Value  in  Error.  The  Dashed  Line 
Shove  the  Effect  of  Eliminating  the  31/2  Mile  Reporting  Value. 


error  sensitivity  of  a  transmissometer  at  high  visibilities.  Figure  5  plots  the 
probability  for  reporting  a  value  more  than  one  value  away  (below  in  this  case) 
from  the  actual  value  as  a  function  of  the  maximum  error  (E)  in  100-percent 
transmission.  Plots  sure  shown  for  baselines  of  1000  and  750  feet  (solid  lines). 
The  effect  of  deleting  the  3-1/2  mile  reporting  value  is  also  shown  (as  dashed 
lines).  Table  4  shows  the  error  distribution  for  this  case.  The  largest  error 
now  occurs  for  5  miles.  As  before,  eliminating  the  3-1/2-mile  value 
significantly  reduces  the  sensitivity  to  errors.  The  error  distribution,  on  the 
other  hand  remains  skewed  to  high  visibility. 
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MAXIMUM  WINDOW  LOSS  (PERCENT) 

Efface  of  Transnlaeometer  Window  Loss  on  tha  Probability  of 
Reporting  Visibility  With  an  Error  of  Mora  Than  One  Reporting 
Value.  Tha  Dashed  Linas  Show  the  Effect  of  Eliminating  the 
3  1/2  Mile  Reporting  Value.  Transaissometar  Baselines  of 
750  and  1000  Peat  are  Illustrated. 
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TABLE  4.  REPORTING  ERRORS  FOR  TRANSMISSOMETER  WITH  BASELINE  -  1000  (FEET) 
WITH  1002  TRANSMISSION  ERROR  OF  5. OX 


MY 

MY 

MY 

MY 

MY 

MY 

MY 

MY 

MY 

MY 

MY 

MY 

MY 

MITE 

MITE 

MITE 

MITE 

MITE 

MITE 

MITE 

MITE 

MITE 

KITE 

MITE 

MITE 

MITE 


RW(MI) 

<1/4 

1/4 

1/2 

3/4 

1.00 

1.23 

1.90 
2.00 

2.90 
3.00 
4 

3 
>9 
<1/4 
1/4 
1/2 
3/4 
1.00 
1.23 

1.90 
2.00 
2.30 
3.00 

4 
3 
>3 


MAX  TRAMS 
0.04414 
0.23111 
0.41323 
0.33377 
0.41348 
0.47043 
0.7303? 
0.78338 
0.81873 
0.83473 
0.88308 
0.70493 
0.79432 
0.00097 
0.03432 
0.13437 
0.28313 
0.37077 
0.47477 
0.37338 
0.44284 
0.72424 
0.78427 
0.83827 
0.87137 
0.77774 


reporting  probabilities 


>1  LOU 

1  LOU 

CAMT 

1  HIGH 

>1  HIGH 

>1  DIFFERENT 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000 

0.0000 

0.0000 

1.0000 

0.0000 

0.0000 

0.000 

0.0000 

0.0243 

0.7737 

0.0000 

0.0000 

0.000 

0.0000 

0.0791 

0.9249 

0.0000 

0.0000 

0.000 

0.0000 

0.1477 

0.8303 

0.0000 

0.0000 

0.000 

0.0000 

0.2314 

0.7484 

0.0000 

0.0000 

0.000 

0.0000 

0.2333 

0.7447 

0.0000 

0.0000 

0.000 

0.0000 

0.3184 

0.4814 

0.0000 

0.0000 

0.000 

0.0000 

0.3334 

0.4444 

0.0000 

0.0000 

0.000 

0.0083 

0.3340 

0.4334 

0.0000 

0.0000 

0.008 

0.0137 

0.4107 

0.3734 

0.0000 

0.0000 

0.014 

0.1043 

0.4407 

0.2330 

0.0000 

0.0000 

0.104 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000 

0.0000 

0.0000 

1.0000 

0.0000 

0.0000 

0.000 

0.0000 

0.0000 

1.0000 

0.0000 

0.0000 

0.000 

0.0000 

0.0287 

0.7713 

0.0000 

0.0000 

0.000 

0.0000 

0.0373 

0.7403 

0.0000 

0.0000 

0.000 

0.0000 

0.1040 

0.8740 

0.0000 

0.0000 

0.000 

0.0000 

0.1078 

0.8702 

0.0000 

0.0000 

0.000 

0.0000 

0.1418 

0.8382 

0.0000 

0.0000 

0.000 

0.0000 

0.2493 

0.7307 

0.0000 

0.0000 

0.000 

0.0000 

0.2434 

0.7344 

0.0000 

0.0000 

0.000 

0.0000 

0.344? 

0.4531 

0.0000 

0.0000 

0.000 

0.0000 

0.3871 

0.4127 

0.0000 

0.0000 

0.000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000 
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U.S.  DEPARTMENT  OP  COMMERCE 

National  Oeaanie  and  Atmospheric  Administration 

NATIONAL  WEATHER  SERVICE 

Taat  &  Evaluation  Division 

W>  1,  Box  105  ' 

Starling,  Virginia  22170 


Mar eh  18,  1982 


0A/V5A4 :  SMI 
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TO:  OA/432  -  Richard  Reynolds 

AID-410  Ray  Colao 

Federal  Aviation  Adaleiseratlea 


FROM: 


0A/W544  -  J 


T.  Bradley  /<****"* 

SUBJECT:  Evaluation  of  ASEA  and  FT  lapulsphyslk  Laser  Cloud  Height 
Indicators  (CHXs) 


Re  have  evaluated  the  perforaance  of  the  ASEA  QL  1211  and  FT  Iapuls- 
phyelk  LD-WHL  laser  CHZs  la  rain,  fog,  snow,  and  base.  Comparisons  vara 
•ada  between  cloud  height  data  collected  through  the  TfcED  autoaated  CHI 
facility,  which  includes  aa  BBC,  observations  aade  by  TIED  personnel,  and 
official  MRS  observations  taken  ae  Dalles  Airport.  The  attached  report 
detalla  the  evaluation  process  and  the  results  obtained.  While  perforating 
the  evaluation,  we  noted  other  perforaance  characteristics  which  were  lapor- 
eaat  and  have  also  Included  then  in  our  report. 

In  determining  the  response  of  the  CHIs  to  the  various  weather  occurrences, 
which  Includes  the  response  to  changes  la  Intensity,  type,  etc.,  careful  ex¬ 
amination  of  essentially  each  CBI  observation  la  association  with  the  prevail¬ 
ing  weather  conditions  was  required-  As  a  result,  our  results/ conclusions  are 
not  baaed  upon  "number  crunching"  of  volunlaous  data  but  are  aora  qualitative 
in  nature.  The  as  Jar  conclusions  are: 


b. 


The  performance  of  the  Xapulsphysik  CHI  was  found  to  be 
superior  to  chat  of  the  ASEA. 

The  lapulsphyslk  CHI  was  found  to  demonstrate  performance 
reasonably  elose  to  that  of  ah  RBC,  though  It  tended  to 
be  soaawhat  conservative  (lover  cloud  heights)  in  rain,  fog. 


The  lapulsphyslk  CHI  exhibited  characteristics  which  tend 
to  asks  Its  eloud  height  output  saenable  for  use  with  cur¬ 
rant  observational  algorlcfaas  or  for  additional  algorlcha 
development  and  refineaanc.  These  included  good  eloud 
consistency  (frequency  of  cloud  hits)  and  predictability 
for  different  weather  eypes,  ability  to  detect  clouds  up 
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eo  its  seated  maximum  rang*  of  5000  feec  during  various 
waaehar  occurrsness,  and  failure  eo  exhibit  excessive* 
falee.  or  "noisy"  cloud  hies  which  were  reported  ac 
eiaes  by  ehe  ASSA  and  RBC. 

.  Its  been  well  docuasnead  ehee  laser  CHXs  will  all  report  about  the  saae 
cloud  heights  in  "good"  weather.  Our  evaluation  focused  on  ehe  CHI  response 
during  poor  weather  conditions.  Based  upon  all  ehe  inforaatlon  accumulated, 
we  would  recoosend  the  Zapulsphysik  LO— UHL  CHI  for  use  in  automated  observing 
ays teas.  The  CHI  has  noe  been  tasted  under  environaental  extreaes  and  we 
haven't  addressed  other  aspects  such  as  aalscenance  philosophy,  etc. 

If  you  would  like  any  further  discussions  or  have  any  questions,  myself 
and  Stave  Iabeabo,  the  task  leader,  will  be  available. 


Attachment  (1) 

Evaluation  of  ASEA  and  Iapulsphysik 
CHXs 


cc: 

0A/V34  -  IStrlckler 


Performance  of  the  ASEA  QL1211  and  FF  IniDulsDhysik  LD-WHL  Laser 


Cloud  Height  Indicators  (CHIs)  in  Rain,  Snow.  Fog  and  Haze 


A  number  of  rain,  fog,  snow,  and  haze  events  were  examined  in  detail. 
Available  as  data  sources  were  the  printout  of  cloud  heights  from  the  Test  and 
Evaluation  Division  (T&ED)  automated  CHI  facility,  observations  made  by  T&ED 
personnel,  and  official  NWS  observations  taken  at  Dulles  Airport  (hourly  and 
special  reports).  Cloud  heights  from  the  printouts  were  output  once  a  minute  or 
more  frequently  depending  upon  the  mode  of  operation  selected  for  the  data 
acquisition  facility.  Once  a  minute  data  comprised  the  great  majority  of  data 
collected.  Though  indicated  on  the  printout  as  pairs  of  simultaneous 
observations,  due  to  the  different  sampling  rates  of  the  sensors  involved  (which 
also  included  an  RBC)  seme  aloud  heights  reported  may  have  differed  in  time  as 
much  as  45  seconds  or  so.  However,  during  any  particular  weather  episode,  such 
differences  are  not  considered  significant  over  the  entire  period  evaluated. 
Essentially,  then,  the  cloud  heights  acquired  can  be  termed  "simultaneous."  The 
ASEA  has  been  in  the  T&ED  CHI  facility  since  late  May  1981,  and  the  Impulsphysik 
since  late  September  1981. 

Data  from  the  T&ED  RBC  are  fed  through  the  AOTOB  and  HUS  (AV-AWQS) 
processing  schemes.  The  Impulsphysik  CHI  has  two-layer  reporting  capability, 
while  the  ASEA  reports  only  one  cloud  height.  In  as  many  instances  as  possible, 
the  weather  events  selected  occurred  during  "working  hours"  so  that  T&ED 
personnel  could  make  pertinent  observations  as  the  events  occurred.  Each  weather 
episode  and  corresponding  CHI  and  RBC  response  were  evaluated  on  a  case  by  case 
basis.  Enough  cases  were  sampled  to  ensure  that  the  nature  of  CHI  response  could 
be  determined  with  a  good  degree  of  confidence. 

To  determine  the  response  of  the  CHIs  to  various  weather  occurrences 
(including  response  to  changes  in  intensity,  type,  etc.)  required  careful 
examination  of  each  CHI  observation  in  conjunction  with  the  nature  of  prevailing 
meteorological  conditions.  As  such,  the  observations/conclusions  made 
concerning  sensor  performance  are  of  a  qualitative  nature  and  express  the 
observed 


tendencies  of  the  CHIs.  Certain  performance  characteristics  became  apparent, 
though  not  exhibited  in  every  case. 

The  following  summarizes  the  T&ED  experience  with  the  ASEA  and  Impulsphysik 

CHIs: 


1.  Performance  in  Rain 


Thirty-two  rain  episodes  were  analyzed.  Almost  all  of  these  occurred  with 
fog.  Subsequent  discussion  will  be  broken  down  into  categories  based  upon  rain 
intensity.  The  Impulsphysik  CHI  will  be  referred  to  as  the  FF  CHI  for  purposes 
of  brevity. 

Light  Rain 

a.  Generally,  the  ASEA  and  PP  cloud  heights  agree  with  the  human  and  RBC 
with  visibilities  around  2  miles  or  more.  With  visibilities  less  than  2  miles, 
both  CHIs  will  at  times  be  "drowned -out"  to  a  large  extent.  About  40  percent  of 
the  light  rain  episodes  (from  a  total  of  16)  exhibited  this  tendency  to  some 
degree. 

b.  The  above  mentioned  "drowning-out"  is  manifested  by  heights  in  the  200- 
250  foot  range  for  the  PP  and  100-200  feet  for  the  ASEA.  At  1  mile  or  below, 
heights  for  both  the  ASEA  and  PP  were  occasionally  below  100  and  200, 
respectively,  indicative  of  similar  occurrences  in  fog  (see  later  discussion  on 
fog).  These  heights  were  usually  about  50-300  feet  lower  than  those  reported  by 
the  Dulles  observer  and  the  T&ED  RBC.  Below  1  mile  the  difference  between  the 
CHIs  and  RBC  was  closer  to  the  minimum  value.  Some  cases  were  associated  with 
"obscurations"  reported  by  the  human,  at  which  time  vertical  visibilities  were 
compared  with  CHI  heights.  Quite  frequently  when  the  FF  is  at  200-250  feet,  a 
higher  layer  will  be  reported  which  is  in  agreement  with  the  human  and  RBC. 

c.  The  ASEA  shows  a  tendency  to  report  "zero"  (indicative  of  no  signal 
being  received  by  the  photodiode)  for  periods  of  time  ranging  from  about  10 


minutes  to  over  2  hours.  During  these  periods,  the  FF  is  usually  consistently 
outputting  cloud  heights,  as  is  the  RBC.  Nearly  45  percent  of  the  light  rain 
oases  examined  exhibited  this  situation.  Visibilities  during  these  tines  were 
varied,  ranging  fron  1  mile  to  6  miles.  The  FF  performed  similarly  on  three 
occasions  but  for  periods  of  20  minutes  or  less.  When  the  FF  falls  to  detect  a 
return,  no  indication  is  output  except  the  absence  of  a  report.  In  general, 
then,  more  cloud  "hits”  sure  reported  by  the  FF  CHI  vs.  the  ASEA.  The  T&ED  RBC 
consistently  outputs  data. 

d.  During  drizzle,  the  performance  of  the  ASEA  and  FF  approaches  that  in 
fog  (see  later  disoussion).  This  is  not  unexpected  since  the  two  phenomena  are 
similar. 

Moderate  and  Heavy  Rain 


Relatively  few  cases  of  moderate  and  heavy  rain  were  examined  due  to  their 
infrequent  occurrence  and  short  duration.  Effect  of  the  rain  on  the  CHIs  was 
mixed  during  moderate  intensities  and  showed  a  pronounced  influence  in  heavy 
rain. 


a.  Thirteen  periods  of  moderate  rain  were  examined  with  the  ASEA  in 
operation.  Visibilities  observed  ranged  from  less  than  1  mile  to  around  3 
miles.  Roughly  half  of  the  oases  showed  good  agreement  with  the  human  and  RBC. 
In  three  Instances  the  ASEA  dropped  to  zero,  in  two  cases  the  number  of  cloud 
hits  was  reduced  by  about  50  percent,  and  during  two  periods  heights  were  well 
below  the  human  and  RBC.  In  many  respects  performance  of  the  ASEA  paralelled 
the  RBC,  which  also  responded  at  times  with  zero  or  obviously  "noisy, "  sporadic 
heights.  Only  five  FF  cases  were  evaluated.  Three  of  these  showed  no  rain 
effect,  whereas  during  the  other  two  heights  dropped  to  150-600  feet,  which 
ranged  from  350-2000  feet  below  the  human  and  RBC.  More  moderate  rain  data 
would  be  desirable  to  get  a  better  "handle"  on  CHI  performance. 

b.  Very  few  Instances  of  heavy  rain  were  observed.  Visibilities  were 

generally  1  mile  or  less.  In  all  cases,  the  CHIs  either  went  to  zero  or 
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reported  extremely  low  cloud  heights.  The  ASEA  (four  cases)  either  went  to  zero 
or  reported  heights  below  100  feet  (32,  49,  65,  98  were  prevalent).  The  FF 
(only  one  case)  reported  heights  between  150  and  185  feet.  In  two  Instances  of 
comparison  with  the  ASEA,  the  T4ED  RBC  reported  clouds  In  the  250-700  foot  range 
(in  good  agreement  with  the  human),  but  otherwise  reported  zeroes,  which  also 
Included  the  single  instance  of  FF  comparison.  The  human  reported  cloud  layers 
several  hundred  feet  above  the  ASEA  and  FF. 

Other  Comments 


The  extent  to  which  accompanying  fog  contributes  to  CHI  performance  is  open 
to  conjecture.  For  example,  fog  may  play  a  role  in  producing  the  low  cloud 
height  reported  in  light  rain  with  visibilities  less  than  1  mile.  Since  the 
heights  reported  are  similar  to  those  in  pure  fog,  it  appears  that  the  fog  is  the 
dominant  factor  affecting  the  CHI  output.  Similar  speculation  can  be  applied  to 
moderate  and  heavy  rain. 

Precipitation  on  the  sensor  cover  glass  seems  to  play  an  important  role  in 
aloud  detection,  at  least  as  far  as  the  FF  CHI  is  concerned.  During  a  period  of 
rain  and  fog,  the  heights  reported  by  the  FF  inexplicably  dropped  to  zero  from 
2900  feet  (visibility  was  about  3  miles).  The  cover  glass  was  examined  and  it 
was  noted  that  approximately  50  percent  of  the  glass  was  covered  by  large  water 
drops.  Following  cleaning,  the  heights  briefly  increased  to  500-700  feet,  still 
well  below  the  RBC  which  continued  at  2900  feet.  However,  readings  again 
returned  to  zero,  which  prompted  another  examination  of  the  cover  glass.  Again 
the  glass  had  the  same  coverage  as  before.  By  this  time,  some  moderate  rain  was 
falling.  The  cover  glass  was  cleared  once  more  and  observations  were  in  the 
250-600  foot  range  with  the  RBC  still  reporting  2900  feet  or  so.  Heights  did 
not  return  to  zero  this  time.  Examination  of  the  cover  glass  indicated  that 
droplets  were  forming  more  rapidly  and  rolling  off  the  glass  rapidly,  unlike  the 
situation  in  light  rail  where  the  rain  drops  remained  on  the  glass  for  much 
longer  periods. 


B-7 


As  soon  as  the  rain  lessened  to  light  intensity,  the  heights  increased  to 
2800-2900  feet,  in  agreement  with  the  RBC.  Rain  then  became  moderate,  and 
heights  dropped  to  250-750  once  more,  followed  by  zero  readings  (rain  had  became 
light  again).  The  cover  glass  was  cleared  and  once  again  heights  improved  to 
2850.  The  same  sequence  of  events  occurred  again  with  similar  return  of  valid 
data  once  the  cover  glass  was  cleared. 

Unfortunately,  the  ASEA  was  inoperable  during  the  experimentation  with  the 
cover  glass.  Nevertheless,  clearing  the  cover  glass  of  the  FF  CHI  improved  its 
detection  capability.  Whether  the  distribution  of  droplets  on  the  glass  and  how 
long  they  remain  is  a  major  factor  affecting  detection  performance  would  require 
further  investigation.  There  may  be  several  factors  involved  here,  including 
possibly  subtle  changes  in  rain  intensity,  but  the  presence  of  water  on  the 
cover  glass  seems  to  have  signif ieanee . 

2.  Performance  in  Fog 

Thirteen  fog  episodes  were  analyzed.  Somewhat  better  cloud  detection 
ability  was  noted  for  both  the  ASEA  and  FF  than  in  rain,  down  to  about  1  mile 
visibility. 

a.  Down  to  about  1  mile  visibility,  the  AREA  and  FF  are  in  good  agreement 
with  the  RBC  and  human,  Including  comparison  of  the  figures  for  vertical 
visibilities  when  "obscurations"  are  reported  by  the  human.  In  rain  some 
degradation  in  cloud  detection  was  noticed  below  2  miles. 

b.  Below  1  mile,  the  ASEA  will  report  heights  below  100  feet.  Typical 

values  are  16,  32,  65,  and  98  feet.  The  FF  will  usually  output  heights  below 

200  feet.  The  lowest  height  noted  during  the  evaluation  was  105,  with  150  the 

typical  value.  Typically  the  FF  either  agrees  with  both  the  human  and  RBC  or 
runs  below  them  by  anywhere  from  50-200  feet.  The  most  prevalent  situation 

would  show  the  FF  lower  by  50-100  feet.  Obviously  these  differences  would  be 

larger  for  the  ASEA  since  it  usually  reported  lower  heights  than  the  FF  below  1 
mile. 
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c.  As  in  rain,  the  ASEA  has  a  pronounce  tendency  to  report  zero  as  the 
cloud  height  for  significant  periods  of  time.  In  9  out  of  the  12  fog  periods 
examined  this  was  the  case,  whereas  the  FF  and  RBC  normally  would  miss  few  cloud 
heights.  Only  one  such  major  episode  was  noted  for  the  FF.  Visibilities  during 
the  ASEA  "zero  periods”  were  about  equally  divided  between  cases  above  and  below 
1  mile  (the  highest  was  3  miles). 

d.  Three  instances  are  worthy  of  special  mention.  In  each  case  the  FF  was 
able  to  detect  clouds  in  fog  at  heights  ranging  from  4000-5000  feet.  The  ASEA 
could  not  detect  a  cloud  return  each  time.  Visibilities  during  these  events 
ranged  from  about  1-1/2  miles  (one  case)  to  3  miles  (two  cases).  Five  thousand 
feet  is  the  maximum  cloud  height  which  can  be  reported  by  both  the  ASEA  and  FF. 
Vhat  is  notable  is  that  the  FF  could  detect  clouds  close  to  its  maximum  range  in 
other  than  a  clear  atmosphere.  The  ASEA  often  failed  to  detect  clouds  above 
3500  feet  or  so  even  with  optimum  atmospheric  conditions.  Later  on  in  this 
report  these  occurrences  will  be  discussed  in  more  detail. 

e.  One  case  of  thick  "ground  fog"  occurred  which  was  observed  by  T&ED 
personnel  in  "real"  time.  The  fog  depth  was  estimated  between  15  and  20  feet, 
and  visibility  at  3/4  mile.  Neither  the  ASEA,  FF,  or  T&ED  RBC  could  penetrate 
the  fog  to  report  a  broken  to  overcast  layer  at  3300  feet  (as  reported  by  the 
Dulles  Airport  observer).  The  terrain  at  T&ED  is  susceptible  to  ground  fog 
occurrence  which  apparently  was  not  the  case  at  the  airport  on  this  day.  The 
ASEA  was  reporting  32  feet  and  the  FF  150  feet,  both  typical  values  in  fog.  RBC 
values  were  sporadic,  ranging  from  zero  to  around  400  feet.  Once  the  ground  fog 
cleared,  all  systems  reported  the  overcase  layer. 

f.  The  frequency  of  report  of  dual  FF  cloud  heights,  where  in  rain  the 
upper  level  was  in  agreement  with  the  human  and  RBC,  is  less  in  fog,  at  least 
for  the  episodes  evaluated. 


CHI  performance  in  snow  proved  to  be  the  most  erratic  and  difficult  to 
characterize.  In  general,  their  ability  to  detect  clouds  was  poorer  in  snow 
than  in  either  rain  or  fog  when  compared  with  the  human  observer  and  RBC.  More 
variability  in  output  was  noted.  Fourteen  episodes  were  analyzed.  About  half 
the  cases  were  observed  with  fog  present. 

a.  Above  2  miles  visibility  when  reporting  heights,  as  a  general  rule, 
ASEA  and  FF  are  in  agreement  with  the  human  and  RBC.  However,  during  portions 
of  four  of  the  episodes,  the  ASEA,  FF,  and  RBC  heights  were  lower  than  the  human 
report,  and  in  the  neighborhood  of  200-600  feet  lower.  In  cases  where 
"obscuration”  was  reported  by  the  human,  vertical  visibility  heights  were  used 
for  comparison. 

b.  Below  or  at  2  miles  visibility,  the  FF  will  report  from  150-250  feet 
quite  consistently.  There  are  two  cases,  though,  where  such  heights  was 
reported  when  the  visibility  was  close  to  3  miles.  The  ASEA  is  much  less 
predictable.  Heights  were  very  variable  and  sporadic,  ranging  from  up  to 
several  hundred  feet  above  or  below  the  human  and/or  RBC.  In  few  instances  was 
there  good  agreement.  Infrequently  (three  instances  were  noted)  though,  the 
ASEA  would  report  higher  than  the  FF  and  in  agreement  with  the  human.  When 
comparing  the  FF  with  the  human  and  RBC,  it  was  apparent  that  the  FF  often  was 
reading  lower  than  the  human  (up  to  1500  feet  in  one  case  but  generally  less 
than  700  feet)  and  about  on  a  par  with  the  RBC.  The  FF  also  frequently  reported 
two  layers  with  its  lower  level  in  the  150-250  foot  range.  The  upper  layer 
often  was  consistent  with  the  human  observation.  An  upper  level  was  reported  in 
at  least  50  percent  of  the  appropriate  observations.  At  times  there  was  some 
consistency  lacking  in  the  reporting  of  these  upper  levels,  as  for  example,  one 
observation  would  have  an  upper  level,  the  next  two  may  not,  the  next  six  may, 
and  so  forth. 

c.  Once  again  the  ASEA  reported  significant  intervals  of  "zero"  cloud 
heights,  as  much  as  three  hours  at  a  time.  The  FF,  while  considerably  more 
consistent,  had  a  greater  frequency  of  such  occurrences  than  in  rail  and  fog. 


Out  of  the  14  episodes  evaluated,  10  showed  the  ASEA  with  intervals  of  zeroes. 
Four  episodes  had  the  FF  indicating  a  failure  to  report,  for  similar  time  frames 
as  the  ASEA.  The  RBC  also  dropped  to  zero  about  as  frequently  as  the  FF.  No 
particular  correlation  with  visibility  was  apparent. 

d.  Both  the  ASEA  and  FF  were  able  to  detect  clouds  in  the  3500-5000  foot 
range.  The  FF  detected  clouds  at  these  heights  more  consistently  and  more  often 
(twice  as  often  in  the  samples  examined).  In  all  cases,  the  visibility  was  5 
miles  or  greater. 

Other  Comments 

All  of  the  previous  discussion  was  based  on  data  obtained  in  light  snow. 
Very  few  periods  of  moderate  and  heavy  snow  were  experienced.  Consequently, 
only  three  intervals  each  of  moderate  and  heavy  snow  were  evaluated. 
Visibilities  in  all  cases  were  1/2  mile  or  less,  and  the  human  observer  reported 
"total  obscuration”  in  all  observations. 

The  FF  was  very  consistent  in  its  output,  with  heights  at  either  150  or  200 
feet  for  both  moderate  and  heavy  snow.  Heights  were  mostly  similar  to  those  of 
the  RBC.  As  in  light  snow,  the  ASEA  was  less  predictable.  Heights  reported 
were  either  zero  (the  most  prevalent  height),  below  200  feet,  and  over  1000 
feet.  In  one  Instance  of  moderate  snow,  the  RBC  reported  zeroes  while  the  FF 
reported  its  customary  heights.  The  ASEA  also  was  reporting  zeroes  during  this 
time. 

4.  Performance  in  Haze 

In  haze  the  ASEA  and  FF  suffered  no  degradation  of  cloud  detection 
capability.  In  each  case,  both  CHIs  were  in  excellent  agreement  with  the  human 
and  RBC.  A  total  of  seven  episodes  were  examined,  with  visibilities  in  the  3-6 
mile  range.  The  cases  selected  were  "pure”  haze  occurrences,  in  conjunction 
with  no  other  phenomena. 


5.  Other  Performance  Characteristics 


While  analyzing  the  CHI  cloud  data  to  determine  performance  in  rain,  fog, 
snow,  and  haze,  some  other  characteristics  of  the  sensors  became  evident. 
Though  not  specifically  seeking  to  report  on  these  additional  characteristics, 
they  were  very  obvious  and  prevalent  throughout  the  period  of  data  collection 
and  are  of  major  significance,  A  summary  of  each  item  now  follows. 


ASEA  Reliability 


Frequently  the  ASEA  would  stop  reporting  any  indication  whatsoever.  It's 
fairly  certain  that  a  malfunction  in  the  lasing  process  is  at  fault.  Periods  of 
inactivity  ranged  from  a  few  minutes  up  to  several  hours.  No  relation  to 
weather  type,  temperature,  day/night,  etc.,  was  apparent.  There  is  no  question 
that  considerable  amounts  of  data  were  lost.  Whether  the  difficulty  is  a 
problem  of  only  the  particular  CHI  at  T4ED  is  uncertain.  At  this  time,  T&ED  has 
no  knowledge  of  other  similar  model  units  encountering  this  failure. 


"Noisy1'  ASEA  Reporta 


On  days  when  the  sky  is  clear  or  clouds  are  well  above  the  maximum  sensor 
range  and  visibility  is  high  (15  miles  or  more) ,  the  ASEA  has  been  observed  at 
times  to  report  cloud  heights  for  several  hours  at  a  time.  These  occurrences 
were  noticed  both  night  and  day,  which  eliminates  the  theory  that  sunlight  could 
be  affecting  the  sensor's  receiver.  Electronic  "noise”  may  be  responsible. 
What  is  more  significant  about  these  "noisy”  cloud  hits  is  the  effect  such  data 
would  have  on  the  current  NWS  could  height  algorithms.  From  the  cases  examined, 
as  many  as  30  cloud  heights  per  half-hour  were  output.  Since  the  algorithms 
operate  using  a  half-hour  as  the  sampling  period,  the  potential  for  output  of 
false  cloud  information  is  present.  Any  number  of  cloud  hits  of  five  or  more 
will  cause  the  algorithm  to  output  cloud  Information.  In  all  four  of  the  cases 
examined,  this  rate  was  well  exceeded. 


The  ASEA  and  FF  both  list  5000  feet  as  their  maximum  range  of  detection. 
However,  the  ASEA  cannot  reach  5000  feet  or  is  seriously  impaired  under  certain 
atmospheric  conditions,  or  if  it  does,  observations  are  very  sporatic.  Some  of 
those  conditions  have  already  been  discussed  in  earlier  sections  of  this  report. 
Even  when  the  atmosphere  is  free  of  obstructions  to  vision  such  as  fog,  there 
are  conditions  which  preclude  the  ASEA  from  detecting  within  the  full  range  of 
its  stated  capability. 


Actually,  the  height  above  which  the  ASEA  has  problems  in  a  "clear" 
atmosphere  is  around  3500  feet.  In  one  case  this  height  was  as  low  as  2850  feet. 
During  these  periods  the  FF  will  report  continuous  cloud  heights  up  to  and 
including  5000  feet,  and  the  ASEA  will  either  report  zero  as  the  cloud  height 
(indicative  of  no  return)  or  report  the  correct  height  very  sporadically. 
Twenty-nine  instances  were  examined  to  see  if  there  were  any  patterns  associated 
with  the  poorer  performance  of  the  ASEA. 


Strong  evidence  supports  the  following  conclusions: 

a.  The  ASEA  will  generally  have  trouble  detecting  clouds  about  3500  feet 
or  so  during  the  daylight  hours,  except  on  "dark"  overcast  days.  It 
appears  that  daylight/sunlight  is  affecting  the  ASEA's  sensitivity  to 
clouds  during  the  daytime. 

b.  At  night,  the  ASEA  will  normally  "see"  clouds  to  5000  feet  even  with 
broken  or  soattered  cloud  conditions. 

c.  The  FF  is  generally  not  affected  by  daylight/sunlight.  One  noteworthy 
and  fairly  typical  example  should  be  mentioned  here.  The  sky 
conditions  were  soattered  to  broken  with  some  bright  sunlight  and  haze. 
The  T4ED  RBC,  the  human,  and  the  FF  were  indicating  clouds  between 
2850-4200  feet.  The  ASEA,  except  for  an  isolated  hit,  separated  by 
over  30  minutes  at  times,  was  not  reporting  these  clouds.  In  fact,  the 


FF  was  indicating  more  heights  than  the  RBC,  which  reported  a  great 
deal  of  "noisy”  heights  of  below  100  feet. 


6.  Summary 

Based  upon  an  essentially  qualitative  evaluation  of  the  ASEA  QL  1211  and  FF 
Impulsphysik  LD-WHL  laser  CHIs  in  rain,  fog,  snow,  and  haze,  the  Impulsphysik 
unit  was  found  to  be  the  superior  of  the  two.  Other  aspects  of  performance  were 
also  identified.  The  FF  CHI  was  found  to  demonstrate  performance  fairly  close 
to  that  of  an  RBC,  and  exhibited  characteristics  which  tend  to  make  its  cloud 
height  output  amenable  to  use  with  current  observational  algorithms  or  to  any 
additional  algorithm  development  or  refinement.  The  basic  findings  are: 

a.  In  rain,  fog,  and  snow,  the  FF  CHI  demonstrated  better  overall 

comparability  with  the  human  and  RBC  than  the  ASEA.  Both  the  ASEA  and 

FF  tended  to  be  somewhat  more  conservative  (lower  cloud  heights)  than 
the  human  and  RBC  in  certain  situations.  In  haze,  both  the  ASEA  and  Ff 
showed  excellent  agreement  with  the  RBC  and  human. 

b.  Perhaps  the  greatest  strength  of  the  FF  CHI  is  its  consistency 

( frequency  of  aloud  hits)  and  predictability  when  reporting  heights  in 
the  meteorological  conditions  examined.  In  comparison  with  the  RBC, 
the  FF  showed  only  slightly  less  consistency.  The  ASEA  demonstrated  a 
frequent  tendency  to  output  "zero"  as  the  cloud  height.  Its  cloud 

heights  were  often  quite  variable  and  sporadic.  Good  data  consistency 
and  predictability  make  the  FF  much  more  adaptable  to  use  with 
observational  algorithms  than  the  ASEA.  Certainly  any  refinements  to 

existing  algorithms  could  be  accomplished  more  readily. 

c.  The  FF  CHI  was  able  to  detect  clouds  up  to  its  stated  maximum  range  of 

5000  feet  during  the  various  weather  occurrences.  The  ASEA  frequently 
was  unable  to  detect  clouds  above  3500  feet  or  so.  This  was 

particularly  evident  during  the  daylight  hours  when  the  atmosphere  was 
free  of  precipitation  and/or  fog,  which  suggests  that  background  light 


seriously  degrades  the  ASEA's  performance.  The  FF  appeared  not  to  be 
seriously  affected  by  background  light. 


False,  "or  noisy"  cloud  hits  were  observed  from  the  ASEA  at  times 
during  cloudless  conditions.  The  frequency  of  such  hits  was  of  a 
sufficient  magnitude  to  cause  false  cloud  information  to  be  output  if 
used  with  the  current  NWS  cloud  algorithms.  No  such  occurrences  were 
observed  with  the  FF  CHI.  The  T&ED  RBC  was  observed  to  report  "noisy" 
cloud  data  (under  100  feet)  with  scattered  to  broken  clouds  around  3000 
feet  and  above  under  bright,  hazy  conditions.  The  FF  CHI  reported  a 
considerably  higher  frequency  of  accurate  cloud  hits,  with  no  apparent 
effects  from  the  bright  sky  condition. 
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Richard  Levis  has  completed  the  comparisons  of  the  two  German  CHIs.  Our 
conclusions  are  they  are  essentially  the  same.  This  means  that  the  unit  used 
at  Areata  was  not  functioning  properly.  Coupled  with  the  data  that  Steve 
Imbembo  developed  os  our  first  German  CHI,  we  think  the  German  systems  are 
pretty  good  and  could  be  used  in  as  automated  observation.  However,  we  have 
eo  put  down  some  conditions: 

1)  They  have  noe  been  tested  la  our  environmental  chambers, 
and  as  you  remember,  last  summer  the  FF  CHI  exhibited 
some  strange  behavior  naar  noon  under  strong  sun. 

2)  The  ASIA  shows  good  eloud  height  agreement  to  3000-3500 
feet  when  reporting  clouds,  but  does  not  see  many  clouds 
above  that  height.  This  is  in  agreement  with  our  earlier 
report  of  April  1978. 

3)  Because  of  the  unique  behavior  of  tha  FF  CHI  in  rain,  fog, 
and  snow  conditions,  our  cloud  algorithm  should  be  tailored 
to  the  particular  CHI  in  use. 

4)  The  velldlty  of  using  a  single  cloud  height  sensor  at  any 
station  must  be  independently  determined  by  a  site  survey. 

This  is  in  consonance  with  our  AV-AW0S  recommendations 
contained  in  FAA  Report  RD-79-63. 

3)  Finally,  some  maintenance  schedule  must  be  determined. 
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This  memorandum  summarizes  the  results  to  date  of  our  test  to  detenalne 
the  detection  capability  of  the  Impulsphyslk  laser  cellometer  LO-WHL  when  the 
beam  Is  attenuated.  The  objective  was  to  simulate  a  visibility  obstruction  to 
see  if  the  laser  cellometer  could  penetrate  it  and  still  detect  clouds.  An 
additional  objective  was  to  setup  an  acceptance  standard  for  eellometers.  Or. 
Oave  Burnham  of  the  Transportation  Systems  Center  (TSC)  and  Ray  Colao  of  the 
Federal  Aviation  Administration  (FAA)  were  both  consulted  In  developing  the 
test  procedure. 

The  LD-UHL  system  Is  designed  to  detect  clouds  to  5000  feet.  It  Is  range 
normalized  to  Improve  the  slgnal-to-noise  (S/N)  ratio  by  firing  more  laser 
pulses  as  the  range  Increases.  Twenty-one  pulses  are  fired  In  the  lowest  50- 
foot  bln  at  150  feet.  This  Is  Increased  linearly  to  about  1000  pulses  at  5000 
feet.  This  normalization  provides  the  best  S/N  from  a  uniform  cloud  base  at 
2500  fee t. 

The  first  tests  of  the  system  showed  that  it  would  range  to  5000  feet 
even  In  bright  sunlight.  It's  detection  capability  was  superior  to  the  Rotat¬ 
ing  Beam  Cellometer  (RBC).  Our  next  step  was  to  attenuate  the  returned  beam 
by  Installing  neutral  density  filter  discs  directly  above  the  photodiode's 
optical  filter  which  transmits  at  908  me  (half  width  14  nm).  The  objective 
was  to  see  at  what  attenuation  the  cellometer  would  begin  to  miss  clouds. 

We  were  aided  by  the  cellometer' s  self-check  capability.  A  precisely 
controlled  light  emitting  diode  (.84  •  .92  um  bandwidth)  Is  periodically  fired 
onto  the  photodiode.  The  amplified  signal  will  be  a  constant  If  the  amplifier 
Is  performing  properly.  The  measured  sensitivity  Is  reported  by  the  system 
every  hour  as  a  percentage  (nominally  67S).  When  a  neutral  density  filter  is 
Installed,  the  reported  value  drops  to  a  lower  percentage,  which  should  be 
directly  proportional  to  the  transmission  value  of  the  filter. 
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W«  used  gelatin  filters  (No.  96)  from  Kodak.  Their  specifications  indicate 
that  the  filters  are  only  about  SO  percent  of  the  stated  neutral  density  value 
at  the  908  wavelength  of  the  laser  (See  Figure  1).  Table  1  shows  the  neutral- 
density  values,  which  should  be  obtained  by  overlaying  a  series  of  neutral 
density  filters  (N.O.F.  2)  above  the  optical  filter.  The  expected  neutral  den¬ 
sity  Is  half  this  value.  The  expected  transmission  is  shown.  This  should  be 
the  same  as  the  measured  transmission  shown  In  the  last  column.  The  first  two 
filters  give  the  transmission  that  would  be  expected  from  one  filter  (about  80 
percent).  Subsequent  filters  then  attenuate  approximately  as  expected.  The 
reason  for  this  Is  not  clear  though  It  may  be  related  to  the  affect  of  back- 

?  round  light  on  the  receiver  threshold  or  Internal  reflections  between  discs, 
n  any  case,  subsequent  analysis  assumes  that  the  measured  transmission  (last 
column)  is  a  simulation  of  the  atmospheric  attenuation  that  would  be  exper¬ 
ienced  by  a  transmitted  and  returned  pulse. 

Actual  cloud  measurements  with  the  filters  Installed  were  performed  in  good 
visibility  conditions.  Two  collocated  Impulsphysik  laser  cellometers  had  pre¬ 
viously  beeen  shown  to  perform  consistently.  The  filters  were  then  Installed  on 
one  of  them  and  their  respective  percentages  of  cloud  hits  were  calculated. 

Table  2  shows  the  results  of  these  tests. 

The  data  shows  that  with  65  percent  of  the  original  signal  Intensity  the 
laser  still  ranges  effectively  to  4100  feet  with  some  reduction  in  rate  of  re¬ 
turns  at  4800  feet.  With  58  percent  of  signal  Intensity,  clouds  are  still 
detected  at  3700  feet  with  100  percent  effectiveness  with  25  miles  visibility* 
Even  with  45  percent  of  signal,  clouds  at  4000  feet  can  be  detected  with  a  lower 
rate  of  return.  However,  clouds  at  4700  feet  are  missed  entirely  with  45  per¬ 
cent  attenuation. 

While  these  results  are  not  complete,  they  do  demonstrate  the  effects  of 
beam  attenuation.  Additional  data  taken  during  rain  and  low  visibility  showed 
another  Interesting  affect,  as  demonstrated  in  the  section  of  printout  In  Figure 
2.  This  shows  that  the  returns  from  rain  at  250  feet,  as  reported  by  one 
cellometer  (GER2  L4U),  are  not  detected  by  the  cellometer  (GER  LiU)  with  the 
beam  attenuated  by  55  percent  (equivalent  to  37.2  percent  sensitivity).  The 
visibility  at  this  time  was  1  1/2  miles  in  light  rain  and  fog.  ,The  observer 
at  Oulles  was  reporting  a  broken  cloud  layer  at  600  feet.  The  effect  of  the 
filter  Is  to  actually  enhance  the  cellometers  capability  to  detect  the  layer 
at  400  to  700  feet. 

One  conclusion  from  these  results  Is  that  with  the  excess  power  available, 
the  cellometer  should  range  to  well  above  5000  feet  under  good  visibility  con¬ 
ditions.  The  signal  can  be  attenuated  by  about  two-thirds  and  still  range  to 
5000  feet  with  near  100  percent  effectiveness.  When  the  simulated  attenuation 
Is  rmsoved,  the  power  will  be  Increased  by  a  factor  of  1.5;  the  range  would 
then  Increase  to«/l.5  x  5000  or  6700  feet. 

The  more  difficult  problem  Is  determining  the  maximum  range  when  the  beam 
Is  attenuated  by  obstructions  to  vision.  Calculations  based  on  measured 
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extinction  coefficient  must  assume  constant  conditions  from  the  surface  to 
the  cloud  base.  Also,  the  effects  of  rain  and  snow  on  the  laser  beam  may 
be  difficult  to  quantify.  Additional  testing  will  be  required  to  distin¬ 
guish  the  cloud  base  from  precipitation  effects  and  to  more  adequately 
define  the  range  capability  when  the  visibility  Is  obstructed. 
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APPENDIX  E 


EFFECT  OF  FORWARD-SCATTERED  LIGHT  ON  TRANSMISSOMETER  MEASUREMENTS 

David  C.  Burnham 

1 .  INTRODUCTION 

Middleton  (Ref.  1)  calculates  the  error  introduced  by  single  scattering 
into  the  measurements  of  a  transmlssometer.  The  geometry  of  his  calculation 
is  shown  in  Figure  E-1.  On  page  178  he  evaluates  the  direct  light  received 
from  the  projector: 
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and  the  scattered  light  accepted  by  the  receiver 


(1) 


E 


K  -  2ir 


crbK 


1/(1  +  ip  cot  0) 
(d>)  d  x  d  111 
(1-x)2  +  /  x  2 


(2) 

(3) 


Equations  2  and  3  have  been  rearranged  by  the  substitutions  8'  -  Bo  and  x  * 
r/b  to  isolate  the  geometric  integral  given  by  K  which  depends  only  upon  the 
receiver  maximum  half  cone  angle  f  ,  the  projector  maximum  half  cone  angle 
9  ,  and  the  dependence  of  the  scattering  function  8  (  4>  )  upon  the 

scattering  angle  4>  which  is  given  by 

aitt4>-<|>/((l-x)2  +  ij>2x2]1/2 


It  should  be  noted  that  as  long  as  ¥  ,0  and  8(40  ar®  fixed,  the  effect 

of  the  forward-scatter  error  is  fixed  by  the  constant  K.  The  scattering 
coefficient  8(40  depends  upon  the  droplet-size  distribution  but  not  the 
number  of  droplets.  Larger  drops  produce  scattering  that  is  more  strongly 
peaked  in  the  forward  direction.  The  integral  of  S($)  is  fixed  by  the 
relationship 
r * 

2t r  /  8($)  sin$  d$  ■  1 

J  o 


E-1 


CORRECTION 


The  effeet  of  the  forward-scatter  error  E2  on  the  measured  extinction 
ooeffioient  can  be  determined  by  examining  Equations  1  and  2.  The  correct 
transmittance  is  given  by 


T  -  Ea/(I0/b2)  -  e"°b 

The  measured  transmittance  is  given  by  the  expression 


(6) 


-0  b 

T  -  T(1  +  KOb)  -  e  m 
at 


(7) 


Equations  6  and  7  can  be  combined  to  yield  the  error  in  the  measured 
transmittance: 


a  -  a  -  -  fcnU  +  Kob)]/b  -  -  Ka(l  -  ^  Rob) 
m  Z 


(8) 


where  the  last  approximation  assumes  that  the  accepted  light  (Rob)  is  less 
than  the  direct  light.  The  resulting  fractional  error  in  extinction 
coefficient  becomes 

Ao/o  -  (a  -  am)/a  -  K(1  -  y  Rob)  (9) 

which  is  approximately  the  constant  K  until  Aob  approaches  one  or  T 
approaches 


2.  TRANSMISSOMETER  ESTIMATE 

The  integral  in  Equation  3  can  be  carried  out  under  the  assumption  that  y 
and  @  are  such  small  angles  that  6  ($)  can  be  considered  constant  and  equal 
to  B(o)  .  The  maximum  accepted  scattering  angle  is  0  +  y  .  Under  these 

assumptions  (1  -  x)2  is  much  larger  than  \p2x2  and  cot  0  -  1/0  •  The 

resulting  value  for  K  is: 

R  ■  2tt  BCojey  . 


(10) 


The  forward-acatter  error  la  proportional  to  the  product  of  the  projector 
half  angle  9  and  the  receiver  half  angle  V  .  The  eatiaate  of  Equation  10 
ia  an  upper  limit  since  8(<j>)  generally  decreases  with  $  and  will  reduce 
the  integral  below  Equation  10  when  a  significant  decrease  occurs  within  the 
angle  HQ.  Since  ¥  is  generally  much  smaller  than  9  for  practical 
transmlssoneters,  it  is  the  projector  that  determines  the  applicability  of 
Equation  10. 

The  simple  approximation  described  here  can  be  used  to  analyze  the 
forward-scatter  measurements  reported  by  Douglas  and  Booker  (Ref.  2,  pp.  5- 
19  to  5-36).  They  used  a  500-foot  baseline  tranmlssometer.  The  results  are 
analyzed  in  Table  E-1.  The  projector  lamp  had  a  half  angular  spread  of 
about  2°  x  40  which  corresponds  to  a  value  of  e  of  approximately  0.05 
radians.  The  receiver  half  angle  4?  is  6.2  milliradians.  The  results  for 
transmlttances  below  0.1  show  a  value  for  g(o)  which  varies  slowly  with 
extinction  coefficient.  The  Douglas  and  Booker  values  for  other  values  of 
in  Table  E-2  are  in  rough  agreement  with  the  proportionality  predicted  by 
Equation  10.  Thus  Equation  10  appears  to  be  a  convenient  estimate  of 
forward-acatter  errors  even  though  its  assumptions  may  not  be  completely 
valid  and  its  range  of  validity  is  exceeded  in  Table  E-1  (act  b  >  1). 

3.  USER  RVR  CALIBRATOR 

The  PAA  laser  RVR  calibrator  is  a  tranmslssometer  with  a  very  narrow 
projector  bean  and  a  wider  receiver  beam.  The  calculation  of  the  forward- 
acatter  error  is  therefore  somewhat  simpler  than  that  for  the  conventional 
transnlssoneter  discussed  in  seotions  1  and  2. 

Figure  E-2  shows  the  geometry  of  the  RVR  calibrator.  At  the  normal 
operating  distances  (b)  the  laser  beam  diameter  is  much  smaller  than  the 
diameter  D  of  the  receiver  oolleoting  optios.  As  in  Seotlon  1,  the 
calculation  will  estimate  the  single-scattering  contribution  to  the  light 
aooepted  by  the  reoeiver. 

Depending  upon  the  position  z  of  the  soatterer  in  the  laser  beam,  two 


TABLE  E-1.  ANALYSIS  OF  FORWARD-SCATTER  MEASUREMENTS 


TRANSMITTANCE 

g  b 

Aa/a 

Aob 

B(o) 

0.5 

0.69 

.054 

0.04 

28 

0.1 

2.30 

.090 

0.21 

46 

0.01 

4.61 

.107 

0.55 

55 

0.001 

6.91 

.120 

0.83 

62 

0.0001 

9.21 

.144 

1.33 

74 

f  *  6.2  ailliradians 


B(o)  5  Aa/gQ  ¥  2ir 


TABLE  E-2.  ANALYSIS  OF  FORWARD-SCATTER  MEASUREMENTS  TO  DETERMINE  6(o) 


(ailliradians) 

1<2L 

1.2 

8(o) 

1.8 

8(o) 

2.5 

8(o) 

3.7 

T  *  0.5 

32 

28 

26 

29 

T  a  0.1 

53 

44 

41 

52 

T  a  0.01 

66 

58 

57 

60 

T  a  0.001 

85 

74 

70 

71 

T  a  0.0001 

117 

101 

92 

90 
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FIGURE  2.  RVR  CALIBRATOR  GEOMETRY 


different  Halts  are  placed  on  the  amount  of  scattered  light  collected  by 

the  receiver.  For  scattering  near  the  receiver  the  solid  angle  accepted  Is 

2 

Halted  by  the  receiver  angular  response  (solid  angle  Aft  a  ira  ).  Far  from 

2  2 

the  receiver  the  solid  angle  is  Halted  by  the  lens  size  (Aft  -  iro  /4z  ). 

The  transition  between  the  two  Halts  takes  place  at  the  distance 
(z  a  D/2a)  where  the  two  solid  angles  are  equal.  As  In  Section  2  the 
assumption  is  aade  that  the  voluae  scattering  coefficient  S' ($)  is  constant 
6(o)  over  the  scattering  angles  of  Interest  (i.e.  up  to  a  ).  The  amount  of 
scattered  light  collected  froa  an  increment  dz  is  then  given  by 

dFg  -  FCzJe-0*  Afi8' (o)dz  (11) 

where  F(z)  Is  the  beaa  flux  at  point  z  and  e“  a*  represents  the  attenuation 
of  the  scattered  light.  The  flux  F(z)  is  also  attenuated  and  is  given  by: 

F(z)  -  F  (12) 

o 

The  expression  for  the  total  amount  of  scattered  light  collected  is  obtained 
by  integrating  Equation  11: 


VFo  “  B'(o)e~0b  j^D/2a  ira2dz  +  f  ^  (irD2/4z2)dzj  (13) 

-  tbo  (14) 

K  -  ir(D/b)8(o)  (a  -  D/4b)  for  b  >  D/2a  (15) 

K  -  w8(o)a2  for  b  <  D/2a  (16) 


This  result  is  in  the  same  form  as  Equations  2  and  3.  Consequently  the 
effeots  of  the  forward-scatter  error  are  those  shown  in  Equations  8  and  9 • 

The  geometrical  constant  K  is  approximately  the  fractional  error  in  the 
extinction  coefficient  measurement. 

The  forward-scatter  error  can  be  evaluated  using  the  constants  of  the  RVR 
calibrator:  f  a  256ms,  d  =  2.38  an,  a  =  0.0046  radians  and  D  =  0.34  feet. 
The  limiting  baseline  between  the  two  parts  of  Equation  15  is  D/2  =  37 
feet.  The  value  of  S(o)  is  taken  to  be  50  on  the  basis  of  the  measurements 
in  Section  2.  The  resulting  forward-scatter  errors  are  shown  in  Table  E-3  for 
three  values  of  the  transaissometer  baseline.  These  errors  are  much  smaller 
(factor  of  30)  than  those  generally  observed  for  standard  transmissometers 
with  the  angular  field  of  view  corresponding  to  the  selected  baseline  (see 
Ref.  2). 

This  lower  estimate  of  forward-scatter  error  in  the  RVR  calibrator  could  be 
somewhat  in  error  if  the  assumption  of  constant  8($)  is  not  correct.  The 
transaissometer  measurements  used  to  define  8(o)  accepted  scattering  angles 
up  to  0.05  radians  while  the  RVR  calibrator  accepts  scattering  only  up 
to  a*  0.005  radians.  The  upper  limit  to  this  error  would  be  the  ratio  of 
these  two  angles  or  a  factor  of  10.  This  limit  would  only  be  achieved  if  0(<p) 
dropped  to  zero  above  d  *  0.005  radians,  which  is  impossible  physically. 
Thus  the  conclusion  still  holds  that  the  RVR  calibrator  has  much  less 
forward-scatter  error  than  the  transaissometer  and  could  therefore  be  used 
to  measure  the  forward-scatter  error  of  a  transaissometer. 

TABLE  E-3-  RVR  CALIBRATOR  FORWARD-SCATTER  ERROR 

BASELINE  D/4b  K 

(feet) 

500 
250 


0.00017 

0.00034 


00047 

00091 
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1.  IRTBODOCTIOW 

A  usable  forward -aaattar  visibility  sansor  (EOAO 
Modal  207)  mbs  davalopad  by  the  Air  rorea 
Oaopiiysios  Uboratory  (AfOL)  (Muaooh  at  al., 
197b)  and  baa  baan  usad  la  a  rasaaroh  »nTl  rnnmsnt 
for  tbs  last  dsaoda.  Tbs  coal  of  tba  work 
rsportsd  bars  ass  to  asssas  tbs  suitability  of 
forward-eoatter  saasors  for  operational  uas  at 
airports. 

Fonmrd-soatter  visibility  ssnsora  ars  attaotivs 
as  a  replacement  for  transsl  geometers  for  a 
nuafear  of  praetloal  reasons:  lowsr  ooat,  siaplsr 
Installation,  lass  naintananoa,  and  graatar 
dyaaaio  rang*.  Tba  praotloal  advantages  of 
forward-aoattar  ssnsora  ara  obtalnad  at  tba 
«*Ponaa  of  two  neaaiirsniut  imitations,  first, 
tba  point  aasmir  ament  of  a  forvard-aoattor  sansor 
«ivaa  a  soaswhat  lass  raprasantativa  naasuransnt 
of  visibility  than  tba  llaa  average  aaaaurad  by  a 
tranl  no— tar.  Saoond,  tba  rasponaa  of  a 
fbrwnrtf-aaattar  sansor  nay  dopand  upon  tbo 
obstruotlon  to  vision.  This  saoond  imitation  is 
tba  aubjeet  of  this  papar. 

In  ordar  for  a  visibility  sansor  baaod  on 
aoattsrad  light  to  bo  suooassftol,  tba  amount  of 
aaattarod  light  datootod  nust  bava  a  oonsistant 
ralationabip  to  tbo  ontinotion  oosfflolont 
pmduoad  by  tba  total  amount  of  soattoring.  Tba 
oonoapt  of  a  forward-aoattar  sansor  is  bssod  on 
tba  obaorvatlon  that  tbo  soattoring  in  tbo  rams 
of  20  to  50  dagroaa  is  proportional  to  tba 
ontinotion  oooffiolant  for  aany  typos  of  fogs 
with'  diffarant  partiola  also  distributions 
(Whldrmm,  19*5).  Tba  uaafUlnoss  of  a  forward - 
soattor  sansor  for  Obstruotioos  to  vision  otbor 
t*nn  fog  (a.g.,  rain,  snow  or  baso)  dapands  upon 
idmtbor  tbo  anno  proportionality  is  obsorvod. 
flald  naasuraasnts  abound  that,  for  tbo  sans 
ostinotioa  oooffiolant  nan  sura  il  by  a 
transni  salons  tar,  tba  rasponaa  of  forward- 
aoattar  saasors  to  •pure"  (l.o.,  foglaaa)  rain 
was  signifloaatly  graatar  than  tba  rasponaa  to 
fog. 


yialda  throw  paraaatsrs  which  can  ba  usad  to 
oharaotarlza  tha  avant  and  tha  ralativa  sansor 
rasponaa.  Tba  fora  of  tha  fit  is 

(ft  s  Mg  ♦  D  (1) 

whara  (ft  la  tha  ax  t  loot  ion  coafflolant  aaaaurad 
by  tba  tast  sansor  (la  this  ossa  tba  EOA0  207) 
and  0*2  is  tba  ostinotlon  coafflolant  aaaaurad 
by  tba  standard  sansor  ( la  this  ossa  tha 
transnlssonatar) .  Tba  oonatants  t  and  D  ara  tba 
slops  and  offaat  raapsotlvsly  of  tba  fit. 
Farfoet  agraanant  batwoan  tba  ssnsora  oorraaonda 
tali  1  and  D  a  0.  Tha  third  parameter  raaulting 
fron  tba  fit  is  tbo  raaldual  srror  in  <Ti  that  is 
not  ssplalnod  by  tba  fit.  Tba  nost  useful  fora 
for  expressing  this  error  is  as  tha  root-naan- 
square  error  divided  by  tha  naan  value  of  0^ , 
which  will  ba  terasd  tba  fractional  residual 
standard  deviation  (USD).  Both  Intrinsic  sensor 
nolsa  and  tha  natural  variation  in  tha  extinction 
ooaffloant  contribute  to  tha  fractional  USD. 

Tranent ■ a  one t era  and  forward-aoattar  natars  naka 
diffarant  error  contributions  to  tbo  two 
paranatars  of  tba  fit,  E  and  0.  Tba 
trananlaaaaeter  has  no  significant  errors  in 
slope  K  but  oan  have  algnifioant  errors  in  D 
wbioh  aorraapond  to  errors  in  tba  100-parooot 
transnl salon  setting.  On  tba  other  band, 
forward-aoattar  ssnsora  have  snail  errors  in  D 
but  oan  have  algnifioant  errors  in  K  bsoaues  of 
lnatruaantal  errors  suoh  as  leap  intensity 
changes  and,  la  tba  present  study,  bsoausa  of 
differing  responses  to  diffarant  obatruotions  to 
vision. 

An  examination  of  tba  slopes  E  between  a  forward- 
soattar  sensor  and  a  trananlasonatar  for  tba  69 
AFttt.  events  showed  a  auaber  of  oases  where  tba 
slope  was  largsr  than  1.3,  whioh  is  algslfioantly 
graatar  than  tba  nomine  1  value  of  1.0.  HMo 
those  events  with  large  fractional  BSD  were 
ellniaatad,  all  tba  ronaining  high  slope  events 
occurred  during  rain  according  to  tba  Otis 
surface  observations. 


2.  rZMLB  MA3PHBKT3 

Tba  anonalous  rasponaa  of  forwsrd-soattar 
ssnsora  was  first  noted  in  an  osaalnation  of  69 
aaleotad  roduoad  visibility  events  provided  by 
AfQL  fron  their  Otis  Air  National  Guard  Baas 
Weather  Teat  Facility.  Tha  extinction 
coefficients  asasured  by  EOAO  207  forward- 
aoattar  sensors  and  a  ,i6A-neter  baseline 
t  ran sal « soma  tar  ware  compared  using  a  least- 
square  fit  method.  A  linear  least-square  fit 


Onoe  the  anoaaloua  rain  behavior  had  been  noted, 
events  oould  ba  aaleotad  to  identify  tha  maximum 
value  of  tha  anoaaly.  The  maximum  slope  should 
occur  for  rain  uncon tsaina tad  by  fog.  Three 
criteria  were  davalopad  to  identify  "pure* 
fogless  rain: 

1)  Absence  of  vertical  variation  in 
extirpation  coefficient  as  measured 
by  sensors  counted  at  different 
levels  on  a  tower, 

2)  Relative  huaidlty  less  tnan  too 
percent,  and 


ilous  forward' 


3) 


Consistency  of  tha 


scatter  response. 

Pure  rain  events  with  a  significant  extinction 
ooaffioaat  ara  rara.  One  will  ba  presented  la 
thla  raport  and  several  othara  wara  ldaatlflad 
during  tha  oouraa  of  tha  atudy. 


Pig.  1.  Comparison  of  forward-scatter 

aaaao r  measurements  with  tranaalssloaatar 
measurements  la  fog. 


Pig.  2.  Comparison  of  forward-aoattar 
aanaor  measurements  with  tranamiasiowater 
measurements  la  pura  rain. 


Table  1. 

Least-Square  fits  for  fog  and  1 

Events. 

SLOPE 

OFFSET 

mcnoiuL 

tfon 

g 

D _ 

USD 

(1/10km) 

POO 

1.03 

-2.9 

0.08 

HAIM 

1.70 

-5.2 

0.08 

Tha  rain  event  praaaatad  In  thla  raport  was 
praoaadad  by  a  fog  avant  which  allowed  a  direct 
ooaparlaon  of  tha  rain  and  fog  reap  on  ae  with  no 
possibility  of  instruaent  drift,  figure  1  shows 
a  scatter  plot  ooaparlag  tha  response  of  an  EG4Q 
207  sensor  (*X10”)  to  tha  raspoosa  of  the 
transalssometer  CT500D  for  a  fog  event.  Tha 
XI 0  sensor  was  located  near  tha  oantar  of  tha 
tranaalasoaatar  baseline.  Tha  dashed  lines  In 
tha  figure  represent  dlsagreeaants  between  tha 
two  sensors  of  *15  percent.  Tha  solid  lino  is 
the  least-square  fit.  Tha  paraaatera  of  tha  fit 
ara  shown  In  Table  1.  figure  2  shows  tha  seas 
plot  for  tha  rain  event  which  followed  tha  fog 
event  of  Figure  1 .  ill  tlaes  ara  GMT.  The  X-axis 
offset  is  tha  saae  for  both  figures  and 
corresponds  to  a  transalssometer  100-pereant 
aettlng  of  96  percent.  Tha  fractional  RSD  is 
smell  enough  for  both  events  that  the  slope 
aeasurement  is  meaningful.  The  relative  response 
of  the  forward-scatter  sensor  to  rain  and  fog  Is 
given  by  the  ratio  of  the  slopea  for  the  two 
events.  The  observed  raln/fog  response  factor  la 
1.7  for  these  events.  The  other  pure  rain  events 
ahowed  similar  factors. 


figures  1  and  2  show  that,  la  fact,  the  rain 
response  of  a  forward-scatter  sensor  is  better 
defined  than  the  fog  reaponse.  In  figure  1  the 
fog  response  shows  evldenoe  for  a  change  In  slope 
at  low  extinction  coefficient  (high  visibility) 
while  the  rain  response  in  Figure  2  shows  a 
consistent  slope.  Thla  difference  Is  not 
surprising  since  the  angular  distribution  of 
scattered  light  fro*  rain  drops  Is  probably 
Independent  of  drop  also  and  rain  rate.  On  the 
other  band,  the  angular  distribution  can  be 
expected  to  be  different  ror  haze  than  for  fog. 
The  break  In  the  curve  of  figure  1  occurs  at 
approximately  1/IOka,  which  corresponds  to  a 
aataorologioal  optical  range  of  7  loa. 


3.  THEORETICAL  DISCUSSION 

The  observed  difference  In  the  rain  response  of 
tnn —Is toasters  and  forward-scatter  sensors  can 
be  understood  on  the  basis  of  a  simple 
theoretical  analysis  which  predicts  a  factor  of 
two  difference  In  the  response.  The  scattering 
of  light  from  spherical  water  drops  Is  produoed 
by  two  effects  which  contribute  equally  to  the 
extinction  of  a  light  baas.  The  flrat  effect  Is 
the  direct  scattering  of  light  idiioh  hits  the 
drop;  the  resulting  scattered  light  appears  at 
all  scattering  angles.  The  second  effeot  Is 
caused  by  dlffraotlon  of  the  shadow  of  the  drop; 
the  resulting  scattered  light  appears  only  in  the 
forward  direotlon.  The  forward  diffraction 
soattering  retains  undetected  by  a  forward- 
scatter  sensor  In  both  fog  and  rain.  The 
transalsaoaater,  however,  collects  little  of  the 
forward-scattered  light  froa  fog  but  collects 
virtually  all  the  forward-scattered  light  froa 
rain.  The  relative  response  of  the  two  sensors 
oan  therefore  be  expected  to  differ  by  a  factor 
of  two  between  fog  and  rain.  The  transalssoaeter 
aeasured  only  half  the  total  extinction  during 
rain.  The  trmnaalssoaater  value  la.  In  faot, 
oorreot  since  the  angular  resolution  of  the  human 
eye  also  accepts  virtually  all  the  light  forward- 
scattered  by  rain.  This  arguaent  assumes  that  tha 
angular  distribution  of  light  scattered  by 
hitting  the  droplet  Is  Independent  of  droplet 


s Isa  for  tha  scattering  angles  accepted  by  tha 
forward-scatter  saaaor.  Tha  fact  that  tha 
observed  inrwaly  la  soaowhat  laaa  than  a  Tutor 
of  two  oould  ba  dua  to  two  affaota:  Tha  fraatlon 
of  dlrut  aoattarad  light  aeoaptad  aay  ba  graatar 
for  fog  droplata  than  for  rain  drops.  Sou  of 
tha  dlffraotloo  aeattarlag  from  fog  aay  actually 
ba  aooaptad. 

Tha  previous  discussion  oan  ba  aada  aora 
quantative.  Tha  shadow  dlffraotloo  aeattarlag 
fron  a  disk  la  given  (Jenkins  at  al. ,  1957)  by 
tha  expressions: 

I(»)  «  9I0  (Ji(#)/P)2  (2) 

f  >  -wred/X  (3) 

wbara  X  la  tha  wavelength,  d  la  tha  dlaaeter  of 
tha  disk,  0  la  tha  aeattarlag  aagle.  I0  la  tha 
iateoalty  at  xaro  aogla  aad  Ji  la  tha  Bessel 
function  of  first  order.  Equation  2  describes 
the  fulllar  ring  diffraction  pattern  of  which 
has  its  first  saro  at  f  •  3.53.  Tha  oantral  disk 
oon tains  89  percent  of  the  total  aoattarad 
energy.  Zf  one  Integrates  Equation  2  to  tha 
point  where  half  of  tha  total  intensity  la 
included,  one  obtains  tha  value  •  1.69.  Tha 
half  angle  for  tha  half  response  baoonaa 

•h  «  0.533  X/d.  (9) 

Tha  half  angle  field  of  view  used  with  various 
transnl  aeons  tar  baselines  la  11a  tad  in  Tula  2. 
Equation  9  is  used  to  calculate  tha  half  response 
droplet  alia. 

d,,  «  0.533  X/St,  (5) 


daytlne  aviation  oeeda.  Tha  resolution  of  tha 
aye  la  poorer  at  night  than  during  tha  daytlne. 
Aa  long  as  a  light  source  la  aaaller  than  2.5 
aro-a1iwif.ee,  the  aye  responds  to  It  as  If  it  were 
a  point  source  (Middleton,  1952).  Consequently, 
forward  aoattering  froa  rain  drops  larger  than 
about  1  an  oan  be  expected  to  have  little  affaot 
on  night  visibility. 

Tranaalaaoaefsr  asa  stirs  wants  oan  thus  ba 
expected  to  correlate  wall  with  buaan  vision 
during  rain.  Tula  2  shows  that  there  are 
drlasle  conditions  where  tha  transsri  a sene tar 
will  overeatiaate  tha  visibility,  a.g. ,  for 
droplet  sixes  between  0.15  and  1.0  m  tor  a  250- 
foot  baaallna.  Tha  longest  baseline 
transnl  ssloaatar  correlates  bast  with  tha  huaan 
aye. 

9.  CQKUBZONS 

Transnl ssonatara  are  shown  to  give  a  nsaauranant 
of  axtlMtlon  ooafflolant  in  rain  that  correlates 
wall  with  tha  raaponaa  of  the  huaan  aye. 
Foruard-eostter  sensors  which  are  oallbratad  for 
fog  are  observed  to  neaaura  abnoraaly  high 
extlnotlon  ooafflolaata  la  pure  rain.  Tha 
operational  input  of  the  forward-scatter  senior 
errors  la  mitigated  by  several  faotora: 

1)  Pure  rain  with  significant  reductions 
In  vlalblllty  la  a  rare  pbenonanon. 

2)  Tbs  error  la  In  tha  oeoaarvatlva 
direction  la  that  tha  actual  visibility  will  be 
higher  than  aaa wired. 

3)  For  aany  aircraft  tha  presaaee  of  rain 
on  tha  eookplt  windows  will  tend  to  iroduoo  the 
pilot's  affaotlvo  vlalblllty. 


Tha  transnl  ssanster  will  MUoet  wore  than  half 
the  diffraction  aoattarad  light  froa  droplets 
larger  than  dp  in  dlauter.  These  dropibt  sixes 
represent  drlasle  rather  than  rain. 


Tula  2.  Transnl » sons  tar  Bala  !h-op  Response 
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HOHAM  EXE 

20/90 

1.0 

Tha  next  question 

to  ba  « 

taaiaad  la  how  wall  the 

raaponaa  of  tha  1 

transols 

aoatar  oorralataa  with 

that  of  tha  huoa 

n  aye. 

Boraal  20/20  daytlu 

vision  represents  a  resolution  equlvalut  to  that 
of  a  2 -an  aperture  (Sliaey  at  al.,  I960).  Tha 
angular  width  of  lines  resolved  by  20/20  vision 
la  one  ara-Unute.  Thus  the  angular  resolution 
of  tha  aye  la  roughly  equlvalut  to  viewing 
objects  with  perfect  resolution  through  a  rain 
with  2-u  drop  alma.  Zf  tha  drop  also  la  1  u, 
the  visual  aouity  would  ba  reduced  to  roughly 
20/90.  Since,  for  axaul*»  typical  runway 
nuaarals  oan  ba  read  at  2.5  allea  with  20/90 
vision,  forward  aeattarlag  froa  rain  drops  largsr 
than  1  aa  would  not  appear  to  interfere  with 
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